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REMARKS 

Claims 3, 11, 12, 13. 14. 17. 18. 19. 20. 22, 30, 31, 32. 34, 35, 36, 44. 47, 
48, and 49 have been cancelled. Claims 37-39 and 40-43 have been amended. 
New claims 50-57 have been added. Claims 1, 2, 4-10, 15-16, 21, 23-29, 37-43, 
and 50-57 are now pending in the application. No new matter has been added 
by amendment. Reexamination and reconsideration of the claims.^s amended 
are respectfully requested. 

Claim Rejections - 35 USC § 1 1 2, second paragraph 

The Examiner rejects claims 3. 11-13. 18-20, 22, 30-32, and 47-49 under 
35 U.S.C. 112 second paragraph, as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the 
invention. The Applicant traverses the rejection. 

The Examiner rejects claims 3 and 22. Claims 3 and 22 have been 
cancelled. 

The Examiner rejects claims 11 and 30, and dependent claims 12-13 and 
31-32. Claims 11, 12, 13, 30. 31, and 32 have been cancelled. 

The Examiner rejects claims 18 and 47, and dependent claims 19-20 and 
48-49. Claims 18, 19, 20, 47, 48, and 49 have been cancelled. 

The Examiner states that the dependent claims cited in this rejection fail 
to further limit the claims from which they depend. The Examiner suggests that 
the claims be placed in a product -by-process format. New claims 50-57 reflect 
that suggestion. The Examiner also suggests that the claims should-be drafted 
in terms of methods of making a plant by comprising transforming the 
exemplified plant of claim 2 or 21 . New claims 54-57 reflect that suggestion. 

Claim Rejections - 35 USC § 112, first paragraph 

The Examiner rejects claims 3, 9-20, 22, 28-32, 34-44 and 47-49 under 
35 U.S.C. 112. first paragraph, as containing subject matter which was not 
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described in the specification in such a way as to reasonably convey to one 
skilled in the art that the inventors, at the time the application was filed, had 
possession of the claimed invention. The Applicant traverses the rejection. 
Claims 3, 11, 12, 13, 14, 17, 18, 19, 20, 22, 30, 31, 32, 34, 35, 36, 44. 47, 48 r 
and 49 have been cancelled. Claims 37, 38, 39, 40, 41 , 42, and 43 have been 
amended. New claims 50-57 have been added. 

The Examiner rejects claims 11, 15-16, 30, 34-35 and their dependent 
claims and states that the claims "are broadly drawn to any transgenic plant - 
which contains any heterologous transgene of any sequence conferring any trait;- 
and methods of making and using the transgenic plants." The Examiner rejects 1 
claims 3, 18-20, 22, and 47-49 and their dependent claims and states that the 
claims "are broadly drawn to any 'single gene conversion' plant comprising one 
or more traits including male sterility introgressed into the claimed variety by 
backcrossing or other traditional means, and methods of using these plants." 
The Examiner states that "no guidance has been provided for the introgression 
of any single trait from a multitude of non-disclosed and uncharacterized 
parentals into the claimed variety, wherein said introgression should result in - 
successful expression of the desired trait but should not interfere with the 
expression of the remaining traits whose combination confers patentability to the 
instantly exemplified variety, and which introgression should not introduce 
unwanted linked genetic material into the exemplified cultivar which would disrupt 
its patentably unique genetic complement." The Examiner also states that 
claims are "broadly drawn to any transgenic plant which contains any 
heterologous transgene of any sequence conferring any trait, and methods of 
making or using the transgenic plants." The Examiner states that, "No guidance 
has been provided for the description or characterization of a multitude of 
heterologous coding sequences conferring a multitude of traits." 

Claims 3, 11, 12, 13, 18, 19, 20, 22, 30," 31, 32, 47, 48, and 49 have been 
cancelled to place the claims in the method and product by method format 
requested by the Examiner. New claims 50, 52 54 and 56 are drawn to 
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methods, while their depending claims are drawn to the products produced by 
those methods. The claims include the well known methods of producing 
backcross and transgenic conversion plants. The product by process claims are 
further limited by specified conversion or transgenic traits, which include the 
traits of insect resistance, herbicide resistance, disease resistance and male 
sterility. 

While the Examiner states that the claims encompass "any transgenic 
plant which contains any heterologous transgene of any sequence conferring 
any trait", the Applicant points out that it is not claiming so broadly as to claim 
any maize plant, regardless of source, comprising those traits. The Applicant is 
claiming PH5W4 or a limited set of plants derived therefrom that have obtained 
significant genetic contribution from PH5W4, 

Applicant has made an enabling deposit of PH5W4 with the ATCC, and 
the Applicant is seeking a fair scope of protection as the quid pro quo for the 
teaching in the specification and the deposit of the material, The introgression of 
one or a few genes into a genome that is estimated to have over 50,000 .to 
80,000 genes (Xiaowu, Gai et al. y Nucleic Acids Research, 2000, Vol. 28, No. .1; 
94-96) is a minor change to PH5W4 and will not prevent one of skill irrthe art 
from identifying the plant as being derived from PH5W4-/ 

Applicant respectfully points out that examples of transgenes, genes, and 
traits that can be backcrossed into the PH5W4 are given in the application on 
page 21 T lines 16-34, and also on page 23; line 20, through page 33, line 4. In 
order to expedite prosecution new claims 51 and 55 list the type of traits that 
may be conferred by backcross conversions and transgenes. Claim 51 also 
specifies that PH5W4 is used at least twice as a recurrent parent in the 
development of a backcross conversion plant. Breeders, by using molecular 
markers, may obtain up to 98% genome identity- between the backcross 
conversion and the recurrent parent after two backcrosses. See Marker-assisted 
Selection in Backcross Breeding, Openshaw, SJ. et al. Marker-assisted 
selection in backcross breeding. In: Proceedings Symposium of the Analysis of 
Molecular Data, 5-6 August 1994, pp. 41-43. Crop Science Society of America, 
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Corvailis, OR (1994) included as Appendix A . Inbred PH5W4 transformed to 
comprise a transgene is also easily identifiable through the use of molecular 
markers. The transgenic version of PH5W4 would have the same molecular 
profile as PH5W4, with the possible exception of a marker used in the profile that 
is located at the site of transgene insertion. However, in this case, the plethora 
of other identical markers would identify the line as a transgenic variant of 
PH5W4. 

Applicant points out to the Examiner that, at the present time, it is rrot 
typical that a transgene be incorporated into each newly developed, line, such as 
PH5W4, by direct transformation. Rather, the more typical method used by 
breeders of ordinary skill in the art is to incorporate the transgene into a new line 
by taking an already transformed plant line and using it as a donor line to 
produce a backcross conversion. Thus, the well established* method of 
backcrossing has been used and is the most common means of retrogressing 
the claimed traits into new material. 

In the specification on page 4, lines 7-13 F it states, "Backcrossing can be 
used to transfer a specific desirable trait from one inbred or source to an inbred 
that lacks that trait. This can be accomplished, for example, by first crossing a 
superior inbred {recurrent parent) to a donor inbred (non-recurrent parent), that ■'■ 
carries the appropriate gene(s) for the trait in question. The progeny of this 
cross is then mated back to the superior recurrent parent followed by selection in 
the resultant progeny for the desired trait to be transferred from the non- 
recurrent parent" The method of backcrossing genes into an inbred mai2;e plant 
is well known and*well understood to one of ordinary skill in the art. ^The method 
has been successfully used since the 1950's (see pages 585-586 of Wych, 1988 * 
included in the Information Disclosure Statement). In the specification, on page 
21, lines 16-34, there is a description of how to backcross traits into PH5W4, 
which includes the claimed traits. Examples of how one of ordinary skill in the art 
can transfer a gene conferring a qualitative trait into a variety through 
backcrossing is demonstrated by the fact that the commercial market now 
distributes a multitude of products produced in this manner. Such conversion 
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lines are easily developed without undue experimentation. Poehlman et al. 
(1995) on page 334, submitted in the information disclosure statement, states 
that, "A backcross-derived inbred line fits into the same hybrid combination as 
the recurrent parent inbred line and contributes the effect of the additional gene 
added through the backcross." Wych (1988) on page 585-86, also submitted in 
the information disclosure statement, discusses how the male sterility trait is 
routinely backcrossed into an inbred line and how this is used to*' produce a 
m sterile/fertile blend of an F1 hybrid in order to reduce seed production costs. In ' 

fact, many commercial products are produced in this manner, and those of 
ordinary skill in the art consider the F1 hybrid produced with the male sterile 
(backcross conversion) inbred to be the same variety as the F1 hybrid produced 
with the non-backcross conversion inbred. 

As a result of the repeated use of the recurrent parent, the backcross 
conversion has many genetic alleles in common with the recurrent parent. Thus, 
genetic analysis may be used as a means of identifying the backcross 
conversion. The declaration attached as Appendix B explains how genetic ... 
analysis was used to identify backcross conversion inbreds of PH5W4. The F1 
hybrid made with a transgenic version or a backcross conversion of PH5W4 is 
also identifiable by the use of genetic markers, because the hybrid would contain 
one set of alleles from each parent. The Examiner also states that the Applicant • 
has not characterized parentals. Applicant respectfully disagrees. In a 
backcross conversion the deposited material is repeatedly used as the parental 
line. 

The Examiner rejects claims 9-10, 12-17, 28-32, and 34-44 -and states 
that the claims "are also broadly drawn to any plant produced by crossing the 
exemplified with any of, a multitude of non-exemplified plants, or any 
descendents of the exemplified cultivar obtained by using that cultivar as one * 
parent in a series of undisclosed crosses for an undisclosed number of 
generations and with undisclosed breeding partners." 

The Examiner rejects claims 9 T 10 r 28, and 29, that claim the F1 hybrid 
seed and F1 hybrid plant made with PH5W4 as a parent. Applicant notes that a 
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claim to the F1 hybrid made with a deposited inbred was expressly 
acknowledged without reservation by the United States Supreme Court In J.E.M. 
Ag. Supply, Inc. v. Pioneer Hi-Bred Int'l, Inc., 60 USPQ 2d 1865,1873 (S.Ct. 
2001), when the Supreme Court wrote, "...a utility patent on an inbred plant line 
* protects the line as well as all hybrids produced by crossing that inbred with 
another plant line." Further, one of ordinary skill in the art would know how to 
cross PH5W4 with another maize plant. The F1 hybrid seed and plant produced 
using PH5W4, regardless of the other maize plant used;-is identifiable because it 
will have one set of alleles coming from PH5W4. One of ordinary skill in the art 
would be able to run a molecular profile on PH5W4 and the F1 hybrid and be 
able to identify the F1 hybrid as being produced from PH5W4. Seed pericarp 
tissue, which is solely maternal in origin, can be used to discern the maternal or 
paternal origin of the allele sets if necessary. See page 16 of Poethig, R.S. 
1982. Maize, the plant and its parts. In: W.F. Sheridan (Ed.) Maize for 
Biological Research, University of North Dakota Press, Grand Forks, ND. pp. 9- 
18, submitted as Appendix C . 

As stated in the specification on page 16, lines 8-23, there are many 
laboratory-based techniques available for the analysis comparison and 
characterization of plant genotype such as Restriction Length Polymorphisms 
(RFLPs) and Simple Sequence Repeats (SSRs). Such techniques may be used 
to identify whether or not PH5W4 was used to develop a hybrid. The Applicant 
also submits to the Examiner the journal article by Berry et aL (2002). This 
article discusses the probability of identifying the parents of the hybrid by SSR 
data when neither parent is known and without the use of pericarp analysis, A 
copy of the article by Berry et aL is attached to this Amendment and Request for 
Reconsideration as Appendix D. The results of the experiment showed that 
using 100 SSR loci markers resulted in correct parental ranking of inbreds for 53 
out of 54 hybrids. Applicant also points out that any breeder of ordinary skill in 
the art will know the identity of both parents used to produce a hybrid. 

The Examiner rejects claims 12-17, 30-32, and 33-44. Claims 12-14, 30- 
32, 34-36, and 44 have been cancelled. Claims 15, 16, 28, and 29 remain 
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pending and are to methods of developing a maize plant through the utilization of 
PH5W4. Applicant points out that anyone of skill in the art would know how to 
utilize the well established breeding methods with PH5W4. Description of such 
occurs throughout the specification and descriptions can also be found in 
introductory plant breeding books. Claims 40-43 remain pending and have been 
amended. Claim 40 is to the method jof producing a first generation PH5W4- 
derived hybrid maize plant. Applicant believes the patent office has previously - 
indicated this claim scope as allowable and requests that this rejection be 
withdrawn. Claim 41 is to the first generation PH5W4-derived hybrid maize plant 
produced by the method of claim 40. The first generation hybrid, or F1 hybrid, is 
identifiable through both breeding records and molecular marker techniques as 
discussed above. Claim 42 is to the method of selfing the first generation hybrid ■ 
PH5W4 for successive filial generations. This is a basic and well known 
breeding methodology, and the use of this methodology with PH5W4 is. 
described in the specification on page 21 , lines 1 to 1 5. 

Claim 43 is to plants derived from claim 42 that have at least 50% of their 
genetics derived from PH5W4. These claimed plants are clearly described by 
their method of production, which requires the use of PH5W4. Such plants must 
be produced through the use of PH5W4 and the Examiner acknowledges that 
PH5W4 is clearly identified. Further, Applicant has added the limitation of at 
least 50% inheritance from the PH5W4 side of its pedigree to further emphasize 
the significant influence of PH5W4 in the claimed product. Genetic inheritance 
has been accepted by both courts and gdvernmental agencies as an accurate^ u . 
and reliable means of identification. In paternity cases courts routinely compel ■ 
genetic testing of putative fathers to establish paternity, and federal law 
mandates that states have laws requiring that genetic test results be admissible 
in such cases without the necessity for foundation testimony or other proof. 42 
U.S.C. 666(a)(5)(F)(iii)(Supp. V 1999). In such cases, a child will, on average, 
inherit 50% genetic contribution from each parent. Similarly, the plants produced 
by the method of claim 42 will also, on average, inherit 50% genetic contribution 
from each parent. 
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Applicant requests that the Examiner examine the sufficiency of 
description of claim 43 with all of its claim limitations, including the limitation that 
the progeny be produced by the method of claim 42, with the use of PH5W4 and 
retaining at least 50% genetic contribution from PH5W4. One of ordinary skill in 
the art would know how to cross PH5W4 ^develop an F1 hybrid and also how 
to self plants derived from the cross with PH5W4. In Ex parte Parks, 30 USPQ 
2d 1234 (B.P.A.I. 1994), the Board of Appeals stated, "Adequate description • 
under the first paragraph of 35 U.S.C. 112 does not require literal support for the 
claimed invention. Rather, it is sufficient if the originally-filed disclosure would • 
have conveyed to one having ordinary skill in the art that an appellant had 
possession of the concept of what is claimed." Emphasis added. In J.EM Ag. 
Supply, the Supreme Court also acknowledged the value of a newly developed 
line in further breeding, when it stated that, "...a breeder can use a plant that is 
protected by PVP certificate to 'develop' a new inbred line while he cannot use a 
plant patented under §101 for such a purpose." Id. at 1873. 

The Examiner cites the Federal Circuit as stating that the written 
description of an invention "requires precise definition, such as by structure, 
formula, [or] chemical name, of the claimed subject matter sufficient to 
distinguish it from other materials." University of California v. Eli Lilly and Co., 
119 F. 3d 1559, 1568; 43USPQ2d 1398, 1406 (Fed. Cir. 1997). The Applicant 
has fulfilled this written description requirement through the seed deposit of 
PH5W4. As described in the specification, lines 8-23 on page 16, the seed 
deposit allows one of ordinary skill to run a molecular profile of PH5W4. 
Applicant submits the molecular profile of inbred line PH5W4 in the declaration 
of Dinakar Bhattramakki attached hereto as A£pendjx_E. Further Applicant 
amends the specification to include such SSR profile. Such SSR- profile is not. 
new matter, as it is an inherent feature of inbred line PH5W4, a representative 
sample of which has been deposited with the ATCC. For example, see Ex parte 
Marsili. Rosetti, and Pasqualucci. 214 USPQ 904 (1972). in which the Patent and 
Trademark Office Board of Appeals held that it was not new matter to amend the 
structure of a compound when a more refined analytic investigation showed a 
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corrected formula. The Board, relying on well established cases of In re Nathan 
etal . 51 CCPA 1059. 328 F.2d 1005, 140 USPQ 601 (1964); in re Sulkowski, 
487 F.2d 920. 180 USPQ 46 (CCPA 1973); Spero v. Ringold. 54 CCPA 1407, 
377 F.2d. 652, 153 USPQ 726 (1967), and Petisi et al. v. Rennhard et al., 53 
CCPA 1452, 363 F. 2d 903. 150 USPQ 669 (1966) concluded that the. "products 
described, exemplified and claimed by Appellants inherently had and have now 
the structure given in the amendment in question. Consequently, the changes 
made in this amendment do not constitute new matter. Marsili at 906. Similarly, 
in the present case, inbred line PH5W4 inherently had and still has the SSR 
marker profile being added. One of ordinary skill in the art can use molecular 
markers to identify PH5W4, a transgenic version of PH5W4; a backcross 
conversion of PH5W4 and the F1 plant of the transgenic version and backcross 

conversion of PH5W4. 

The Applicant would also like to point out that the specification also 
identifies PH5W4 with phenotypic descriptions. Various examples of breeding 
methods, transgenes, transformation procedures, and F1 hybrid production are 
given in the specification. The mean values of traits for numerous PI plants, 
wherein PH5W4 is the parent and other numerous maize plants are the second 
parent, are given in Tables 3A-3C, pages 44-46. Table 4 contains mean values 
of traits to a specific F1 wherein PH5W4 is a parent. 

The Examiner also stated, in reference to Lilly, that, "the court also 
concluded that 'naming a type of material generally known to exist, in; the 
absence of knowledge as to what that material consists of, is not a description of 
that material. Id." This is not the case here. Applicant has created a novel line 
and seeks a scope of protection that adequately protects the invention. 
Applicant believes that the derivatives, variants and closely .related- progeny 
easily and routinely created by use- of this newly developed line are 
encompassed within the scope of the invention of, the variety itself. Tiiese 
derivatives, variants and closely related progeny derive direct and substantial 
benefit from Applicant's work and deserve to be included within the scope of the 
claims. Thus, the issue here is patent scope around what has already been 



19 



Received from < 515 334 6883 > at 2128103 10:36:36 AM [Eastern Standard Time] 



02,28/03 FRI 10:42 FAX 515 334 6883 PIONEER HI -BRED DSM ®»27 



SN:09/759,752 



created (and deposited) by Applicant. The fact that the progeny have not been 
created does not prevent them from being protected in this manner. As stated .n 
MPEP 2163 (3) (a), "An invention may be complete and ready for patenting 
before it has actually been reduced to practice." 

In Enzo vs. Gen-Probe, U.S. State Court of Appeals for the . Federal 
Circuit 63 USPQ 2d 1609, the court reversedlts prior decision regarding the 
insufficiency of the deposited genetic probes to meet- the written description • 
requirement. In so holding, the court stated, " As the deposited sequences are 

about 850 8500, and 1300 nucleotides long there are at least hundreds of 

subsequences of the deposited sequences, an unknown number of which might 
also meet the claimed hybridization ratio. Moreover, Enzo's expert, Dr. Wetmur, 
stated that •astronomical' numbers of mutated variations of the deposited - 
sequence also fall within the scope of those claims, and thatsuch broad claim 
scope is necessary to adequately protect Enzo's invention from copyists who 
could otherwise make minor change to the sequence and thereby avoid • 
infringement while still exploiting the benefits of Enzo's invention. The 
defendants assert that such breadth is fatal to the adequacy of -the written 
description On the other hand, because the deposited sequences are described 
by virtue of a reference to their having been deposited, it may well be that: 
various subsequences, mutations, and mixtures of those sequences are also 
described to one of skill in the art. We regard that question as an issue of 
fact.--" 

The issue of whether the progeny as now claimed satisfies the written 
description requirement is also an issue of fact. PH5VV4 is a unique inbred, as 
evidenced by the morphological and physiological traits given in Table Images 
18-20 of the application. Routinely used molecular techniques, discussed on 
page 16, lines 8-23 Of the application, can be used to verify whether PH5W4 ,s 
within the pedigreed a claimed plant. One of ordinary skill in the art would also, 
know from breeding records if PH5W4 were utilized in the development of a 
claimed plant. 
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As stated in the written description guidelines "an applicant shows 
possession of the claimed invention by describing the claimed invention with alt 
its limitations using such descriptive means as words, structures, figures, 
diagrams, and formulas that fully set forth the claimed invention. Possession 
*may be shown in a variety of ways, including... by describing distinguishing 
identifying characteristics sufficient to show that the applicant was in possession;; 
of theclaimed invention." 1255 Official Gazette 140 (Feb. 5, 2002). Phenotypic 
traits are used in the text of the specification. Genetic and other molecular 
profiles may be obtained from the deposit. Once a line. is identified as being 
PH5W4, one of ordinary skill in the art would also easily.be able to determine 
which progeny they develop from that line fall within the scope of the claims. 

Within the plant breeding arts breeders use pedigree as a means Jo 
characterize lines in reference to their progenitors. It is unambiguous and easily 
traceable through breeding records that are maintained by any breeder of 
ordinary skill in the art. It indicates that a line fewer crosses away from a starting 
line will be, as a whole, more highly related to the starting line. Thus, the work of 
the original breeder in developing the starting line will be retained in the closely 
related progeny. More specifically, traits and linkage groups present in PH5W.4, 
will be retained in progeny that are within one outcross from PH5W4. Applicant- 
submits that characterization of the progeny of PH5W4 by virtue of their filial 
relationship is a clear and acceptable means of identification. Not only.are filial 
descriptions used by breeders to evaluate materials for use in their breeding 
programs, but it is standard practice within the plant breeding industry for 
universities and companies that license inbred maize lines to retain a royalty 
from lines developed through the use-of their inbreds. Those royalties are, in 
almost all cases, based on the filial relationship between the licensed inbred 
used in breeding and the progeny line commercialized. This is further evidence 
that those of ordinary skill in the art of plant breeding describe progeny in terms 
of pedigree and find it an acceptable means of characterization. 

As noted in the specification, the development of an inbred line is a time 
consuming and labor intensive activity. On average, between 10,000 to 20,000 
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lines are created and screened in order to develop any maize inbred line for 
which the Applicant files a patent application. Once developed, the inbred line ,s 
useful for two purposes: (1) to make commercial hybrids, and (2) as a source of 
breeding material for the development of new inbreds that retain the original 
inbred's desired characteristics. A breeder desiring to make a line with similar 
traits to PH5W4 would be greatly advantaged by being able to use PH5W4 as., . 
starting material. This is because the linked genes arranged through Applicant's 
breeding efforts, and fixed in PH5W4 r can be maintained in the progeny of 
PH5W4 by a breeder of ordinary skill in the art. The end result e-the 
development of an inbred line with substantial benefit from the Applicant's work. 

PH5W4-derived progeny are described by the fact that PH5W4 is util.zed 
in a breeding program to make the PH5W4-derived progeny, PH5W4 gives 
genetic contribution to the PH5W4-derived progeny, and the genetics of PH5W4 
are described by ATCC deposit of PH5W4 seed. By limiting the progeny to one . 
outcross away from PH5W4 and by limiting the progeny to those that contain at 
least 50% of their genetics from PH5W4, the Examiner's concern that the 
progeny may be only distantly related to PH5W4 is addressed. 

Applicant would also like to emphasize that PH5W4 cannot be derived. . 
through any other means than through PH5W4 seed and plant, nor can the 
influence of PH5W4 on the progeny be removed from a line within one outcross 
of PH5W4 To view this claim as one of breadth ignores an essential limitation 
of the Cairn; that only a plant developed through the use of PH5W4 is within the 
scope of the claim. Such a plant could not be obtained without the use. of 
PH5W4, so the claim would not in any way restrict the work of a breeder that did 
not in fact use PH5W4. Compliance with the written description requirement 4* 
assentially a fact based inquiry that will "necessarily vary depending on the . 
nature of the invention claimed." Vas-Cath v. Mahurkar, 935 F. 2d 1555 (citing lo- 
re DiLeone. 436 F2d. 1404, 1405) Thus, the compliance with the written, 
description requirement must be judged in view of this limited scope of the 
progeny claims. As amended, the claims are drawn to only a limited scope of 
progeny progeny whose existence is the direct result of the use of PH5W4. Th.s 
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is in harmony with the statement in section 2163 of the MPEP that "the written 
description requirement promotes the progress of the useful arts by ensuring 
inventions are adequately described in the specification in exchange for the right 
to exclude." That quid pro quo of patent law has been met by the Applicant in 
the present case, and to use written description to deny adequate patent 
protection would be contrary to the stated purpose of the written description 
requirement. 

The Examiner afso rejects claims 37-39 under 35 USC § ,112, first .,r 
paragraph. Claims 37-39 have been amended for clarification purposes. Claims - M 
37-39 are directed to growing out an F1 hybrid in which PH5W4 is a ; parent and 
searching for PH5W4 inbred seed. Due to the imperfect process of seed 
production parent seed can sometimes be contained in the hybrid seed , bag. 
This claim covers the method of searching for inbred PH5W4 seed within a bag 
of hybrid seed. The method is clearly described in the specification on page 5, 
line 21 through line 7 on page 6. One of ordinary skill in the art can practice such 
a method without undue experimentation. The Applicant requests that the 
Examiner withdraw his rejection to claims 37-39. - , 

The Examiner rejects claims 3, 9-20, 22, 28-32, 34-44, and 47-49 under 
35 U.S,C. 112, first paragraph, as containing subject matter which was not- 
described in the specification in such a way as to enable one skilled in the art to 
which it pertains, or with which it is most nearly connected, to make and/or use 
the invention. Applicant traverses the rejection. ... 

With the exception of the arguments pertaining to Hunsperger et al., Kraft 
et. al. and Eshed et. al., the Examiner provides nearly identical arguments for the 
112, first paragraph, lack of enablement rejection as those provided for the 112, 
first paragraph, lack of written description rejection addressed above. 

To avoid repetition, Applicant respectfully requests that the Examiner 
consider the arguments made in response to the 112, first paragraph, lack of 
written description rejection as also applicable to the 112, first paragraph, lack of 
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enablement rejection. In addition, the Applicant directly addresses the 
arguments raised by the Examiner that relate to Hunsperger, Kraft and Eshed. 

The Examiner has cited Hunsperger, Kraft and Eshed and stated that 
they "teach that it is unpredictable whether the gene or genes responsible for 
conferring a phenotype in one plant genotypic background may be introgressed 
• into the genetic background of a different plant, to confer a desired phenotype in 
said different plant." The Examiner states that, "Hunsperger et al teach that the 
introgession of a gene in one genetic background in any plant of the same 
species, as performed by sexual hybridization, is unpredictable introducing a 
single gene conversion plant with a desired trait (see, e.g., column 3, lines 26- 
46) " Applicant's respectfully disagree that this is what is taught by Hunsperger 
et al Hunsperger et al. teaches that a gene that results in dwarfism *f. a petun.a 
plant can be incorporated into other genetic backgrounds of the petunia species 
(See column 2, line 67 to column 3, lines 1-4). Hunsperger et al. merely 
discusses the level of the expression of that gene differed in petunia plants of 
different genetic backgrounds. Hunsperger et al. succeeded in incorporating the 
gene into petunia plants of different genetic backgrounds. Therefore, Hunsperger- 
et al support the fact that one can introgress a specific trait into a- recurrent 
parent through backcross conversion. Applicant's specification provides ample 
disclosure of starting materials such as maize inbred PH5W4, a discuss^of 
traditional breeding methods, and examples of transgenes and naturally 
occurring genes that may be used in such methods. Hallauer et al. (1988) on 
page 472, submitted in the information disclosure statement, state that»"For 
single gene traits that are relatively easy to classify, the backcross methodJs 
effective and relatively easy to manage." The teaching of Hallauer- relates 
specifically to com breeding and corn inbred line development, while Hunsperger 

etal relates to petunia. 

The Examiner goes on to state that, "Kraft et al. teach that link-age 
disequilibrium effects and linkage drag prevent the making of plants comprising a 
single gene conversion, and that such effects are unpredictably genotypic 
specific and ioci-dependent in nature (see, e.g.. page 323) " Applicant disagrees 
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• * urroft *>t make no mention of a plant 
that the article states such points. Kraft et al. maxe no 

c.r+hor Kraft et al relates to linkage 
comprising a single gene conversion. Further, Kraft et 

disequilibrium and fingerprinting in sugar beet, a crop other than ma,*, Kraft et 
al. state, on p. 326, first column, "The generality of our results for other crop 
"species needs to be investigated." 
~ It is understood b? those of skill in the art-that backcross conversions are 
routinely produced and do not represent a substantial change, to a variety. The 
World Seed Organization, on it's web site, writes. The concept of an essentially , 
derived variety was introduced into the 199, Act of the UPOV Convention .an 
order ,o avoid plagiarism through mutation, multiple back-crossing and to I the 
gap between Plan, Breeder's Rights and patents." As determined by the UPOV 
convention, essentially derived varieties may be obtained for example by the. 
selection of a natural or induced mutant, or of a somaclonal variant, the selection 
of a variant individual from plants of the Initial variety, backcrossing, or 
t^^formation by geneSc engineering. The commercialize of an essen** 
derived variety needs the authorization of the owner on the rights vested ,n me 
initial variety - Internationa, Convention for the Protection o, New Varieties of 
Piants. as amended on March ,9, 199,. Chapter V, Article ,4. Section 5(c) . 
(emphasis added). A copy of the relevant portion of the UPOV Convention and 
the Worid Seed Organization web site is attached as AfioejirJjxF. 

An example of how one of ordinary skill in the art can transfer a gene 
conferring a qualitative trait into a variety through backcrossing is demonstrated 
by me fact that the commercial market now distributes a multifcde of products 
produced in this manner. Such conversion lines are easirv developed without 
undue experimentation. Poehlman e, al. (,995) on page 334, submitted in the 
information disclosure statement, states tha't, -A backcross^erived. inbred line 
fits into the same hybrid combination as the recurrent parent inbred l,ne and 
contributes ,he effect of the additional gene added through the backcross. 

The Examiner goes on to state that. "Eshed et al. teach that in plants, 
epistatic genetic interactions from the venous genetic components comprising 
contributions from different genomes may effect quantitative traits in genetically 
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complex and less than additive fashion (see, e.g., page 1815). The Applicant 
would like to point out on page 1816, column 1, lines 1-5 of the Eshed et al. 
article it states, "Recent studies that detected epistasis of selected QTL in 
Drosophila (Long et al. 1995), soybean (Lark et al.1995) and maize (Doeb.ey et 
al 1995- Cockerham and Zeng 1996) did not show a less-than-additive, trend." 
Emphasis added. Applicant also adds that transferring a qualitative trait does 
not require undue experimentation. Please note Hai.auer et al. (1988) on page . 
472 submitted in the information disclosure statement, which states,."For s.ngle 
gene traits that are relatively easy to classify, the backcross, method is effective., 
and relatively easy to manage." Claim 51 has been amended to exped.te - 
prosecution. In claim 51. the genes transferred into PH5W4 are now limited to,, 
the traits of herbicide resistance, insect resistance, disease resistance, male 
sterility, and waxy starch. 

The Examiner alleges that Applicants traversal of the art rejection on 
pages 7-8 of the amendment of 22 August 2002 "admits that outcrossing the. 
exemplified inbred to another undisclosed plant is unpredictable." Applicant's 
statements on pages 7-8 of the amendment of 22 August 2002 make the point 
that it is not possible to use the cited prior art line NP 948 to produce a line that. „, 
is the same as PH5W4 or any of the claimed progeny of PH5W4. Applicant did 
not in any way state that it would be unpredictable to introgress a gene into „ 

PH5W4 through backcross breeding techniques or transformation. : 

In light of the amendments to the claims and the foregoing arguments the 
Applicant requests reconsideration of the rejection under the first paragraph of 
35U.S.C. 112. 

Claim Rejections under 35 U.S.C. § 102 and 103" ~ 

The Examiner states that, "Claims 14 and 43 remain rejected under 35 
USC 102(b) as anticipated by or jn the alternative, under 35 U.S.C. 103(a) as 
obvious over Krier (U.S. Patent No. 5,731.503). " Applicant traverses the 

rejection. 
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Applicant has cancelled claim 14. Applicant has amended claim 43. 
Claim 43 is limited to progeny produced by the method of claim 42, which 
requires the use of PH5W4, and is further limited to progeny deriving at least 
50% genetic contribution from PH5W4. 

The Examiner has made several objections which relate to written 
description and these were addressed in the response to the written description ... 
section above. The Examiner then makes the statement that "It is unclear and 
unlikely that the genetic material that remains in the first generation progeny 
retain the unique genetic and morphological complement of the exemplified 
inbred... Furthermore, since the individual traits exhibited by the exemplified 
inbred are not unique to the exemplified inbred, either by degree of expression 
nor genetic means of inheritance, a descendant of the exemplified inbred 
containing no genetic material from it could still exhibit these individual traits, and 
could still possess the same genetic means for conferring these traits as did the 

exemplified inbred." 

Applicant responds that such a described inbred is not within the scope .of 
the claim as amended, because it would not have at least 50% genetic 
contribution from PH5W4. Further, the benefit of the invention relates not to 
plants comprising these traits in general, but plants that comprise these traits 
through the use of PH5W4 and the work of Applicant in fixing these, traits and 
linkage groups in PH5W4. Nothing in claim 43 would restrict a breeder from 
making, using or selling a line with all of the same morphological and 
physiological characteristics of PH5W4 or the plant of claim 43, so long as such ■ 
plant was created without the use of PH5W4. <> 
Further, as evidenced by the declaration of Stephen Smith submitted as 
Appendix G , both PH5W4 and its progeny within the scope of claim. 43 are 
distinct from NP948 taught in U.S. Patent-No. 5,731,503. 

In light of the above, Applicant respectfully requests that the Examiner 

reconsider and withdraw the rejection to claims 1-49 under 35 U.S.C. 102 (b) 
and 103(a). 



27 



Received from < 515 334 6883 > at 2128103 10:36:36 AM [Eastern Standard Time] 



02/28/03 FRI 10:45 FAX 515 334 6883 
SN;09A7 59,762 



PIONEER HI -BRED DSM 



[g]035 



Claims 1,2, 4-10, 15-16, 21, 23-29, 37-43 t and 50-57 are now pending in 
the application. The amendments made herein do not in any way change the 
claim scope which the Applicant believes is allowable but is meant to hasten the 
issuance of the patent, 

CONCLUSION 

Applicant submits that in light of the foregoing amendments and the . 
remarks, the claims 1, 2, 4-10, 15-16, 21, 23-29, 37-43, and 50-57 are in 
condition for allowance. Reconsideration and early notice of allowability is & 
respectfully requested. If it is felt that it would aid in prosecution, the Examinerjs 
invited to contact the undersigned at the number indicated to discuss any 
outstanding issues. 



Respectfully submitted, 
Mark David Hoffbeck 

Steven Callistein 
Reg. No. 43,525 
Attorney for Applicant 

Steven Callistein 

Pioneer Hi-Bred International 

7100 NW 62 nd Avenue 

P.O. Box 1000 

Johnston, lA 50131-1000 

(515)254-2823 

(515) 224-6883 Facsimile 
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Marker-assisted Selection in 
Backcross Breeding 




SJ. Openshaw 

Pioneer Hi*Bred Intl. Inc., P.O. Box 1004, Johnston, IA 50131 < 
S-G.JarbQe 1 

CIMMYT, Lisboa 27, Apdo. Postal 6-641, 06600 Mexico. D.R, Mexico 
WJ>. Beavis 

Pioneer Hi-Bred Intl Inc., R O. Box 1004, Johnston, IA 50131 ^ 

Abstract, Tha bockcross breeding procedure ht3 been used widely to transfer simply Inherited trmib Into elite genotypes* 
Generic marken can Increase the effectiven^ of faatJtcraaaing by 1) increasing the probability of obtwinfeg a ratable 
conversion, and 2) decreasing the time required to achieve an acceptable recovery. Simulation and Jul d rtjulfc indicated 
that, for a genome consisting often 2Q0»cM chromosomes, basing selection on 40 or $& marker* in £p BC Individuals that 
carry the allele being transferred can reduce the number of backcross generations needed from about sercn to three, ». 



The backcrgsa breeding procedure has been uaed widely 
to transfer limply inherited traits into elite genotypes. 
Usually, the trait being transferred is controlled by a 
single gene, but highly heritable traits ih3t aremont complexly 
inherited have also been transferred successfully by backerow- 
ing; for example, mahiriry in maize £Rlnka and Sentz, 1961; 
Shaver, 1976). Today, back crossing is being used to transfer 
goncs introduced by 3uch techniques as transformatloa or 
mutation Into appropriate eermplasm. 

Several plant breeding textbooks give good descriptions of 
the hankcrosi proc^dma CAUard, I960; Fehf, 1987). A donor 
parent (DP) carrying a trail of interest is crossedto the recurrent 
parent (10?), an elite lino that b lacking the trak. The Is 
trussed back to the RP to produce the BC, generation. In the 
BC, and subsequent beckcross generations. Selected Individu- 
als carrying the gene being transferred are backcro*«ed to the 
RP. The expected proportion of DP genome is redueed by half 
wjth each generation of backcrojsijig. Ignoring efracts of link- 
age to the selected Dp allele being transferred, the percentage 
recurrent parent (%RP) genome expected in each backeross 
generation is calculated n$: 

<&RP~ 100 [I -{0-5)^3 

where n is the number of backcrosaea. 

Backcrossing of selected plaut> to the RP can be repeated 
each cycle until a tine U obtained thai if essentially a version of 
the RP thai includes the fritrogressed allele. After six back> 
crOSSCS, the expected recovery Is >99% (Table I). 

Until tecen dy, discussions of the recovery of the RP genome 
during backcrossing hiv- cmpbuiixd the expected values for 

Analysis of MoUctJar Marker D&o 



%RP shown in Table 1. and have- largely ignored the. genetic 
variation for %RP that salsa around dhe expected mean. With 
the development of ganetie markers Capable of proving good 
genome coverage, there has b«an interest in taking advantage of 
that variation to increase the efficiency of baefcerossing. 

Selection for RP marker alleles can increase greatly the 
effectiveness of backcross programs by allowing the breeder to • 
1} select UckcraSi plant* thai have a higher proportion of RP 
genome, and 2) select boekeroae individual* that are becier 
conversions near a mapped donor allele being transferred (i.e., 
select for less linkage drag). Expressed in practical terms, using 
genetic marker* to assist backexossing can i) Increase the 
probability of obtaining a suitable conversion^ end 2} decrease 
the time required to achieve an acceptable recovery, 

Issues to consider when plannlog a marker-assisted back- 
cross program Include I) the dmc advantage of using markers 
to assist backcros sing. 2) the number of markcrrn ceded, and 3) 
the number of genotypes to evaluate. In this repon, we we , 
remits from previous literature, computer simulation, and' em- 
pirical Studies to provide some guideline; 
T»b1« 1. Expected n<9*try afrtnumnl partnr {RP} gemm* during 
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30.0000* 
75.0000 
57.5000 
93-7500 
S&8750 
96.4375 
99.2188 
99.5094 
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jrfot trials and method* 

The maize genome was the inodt;! for the simulation. The 
. ^tnulawd genome con^lried ten 700-cMchron\osottt6s. Simu- 
istion of crossin % over was based on a Poisson distribution with 
p mean of 2.0 {\ = 2) (Hanson, 1939;, which, on overage, 
generated one cross over for every lOO^cM length. The aimul*- 
dons reported here Assume do interference. Codominart ge~ 

* flctic markers were evenly distributed in the genome and sites 
of tfie donor gene wctc randomly assigned to genome-locations. 

Simulations were conducted with the following parameters: 

Number of orogeny: 100 or 500. 

Badccro&s generation*: BC^fcC^, and BCj. 

Number Of markers: 20, 40, 80. OT 100. 

Number selected tu form the nmBC generation; 1 or 5. 

Selection was based on 1 ) presence of the donor allele and 2) 
high 9&RP). %RF was calculated a* the average of die (one or 
five) selected individuals. Values presensad arc the mean of 50 
simulations. 

\Rtsprts 

In the computer siTrtaJadon study, all methods modeled 
■ (peatfy increased the speed of recoverlnfc the RP genome 
\ compared to the expected recovery with no marker- assisted 
selection {compare Tables 1 and 2). At Least 80 markers were 
required 10 recover 9996 of the BP genome in just three BC 
generations (Table 2). Use of al least 30 markers and $00 
. progeny allowed recoveiy of 989b HP in just two BC genera- 
tions. Responie to selection */aa diminished only slightly by 
spreading the effort over five selections. Using markers, the 

• number ofbackcresa genera Lions Tve^ded to convert an inbred is 



reduced from about seven to three. 

By the BCj generation, there appears to be no practical 
advantage to using 500 vs. 100 individuals. If the presence of 
die donor trait in the backcross individuals can be ascertained 
before markers are genoryped, then only half the nutnber Of 
individuals indicated In the tables will need to be analyzed. 

When a small number of markers are used, they quickly 
became non-iufomiacive; i.e., selection cause* the marker loci 
to became fined for the RP iype before the rest of the jpnorne 
Is ftilly converted (Table 3; Hospital at al., 1992). Thit aituadon 
was most prominent in ihc larger populations, where a higher 
selection intensity placed more selection pressure upon the 
marker loci. Accordingly, it is of intense to consider how 
closely the estimation of %>fcF based en markers reflects the 
actual genome composition. The combination of estimation of 
%RP based on fewer markers and subsequent seteetion tends to 4 
bias the estimates upwird (compare Tables 2 and 3). 

The results from the simulation compare well with real Held 
data. In atypical example, 5QBC, plants carrying the £ont being 
transferred were genotyped at S3 polymorphic RFLP loci (note 
that this corresponds to a population Size Of 100 unstlected 
plant* in TabUa 2 and 3). The £vc best BC. recoveries h*d 
estimated ftRP value* of 85.9%, 82.7^, #Z.Q%, 81.4%, and 
51,2%, After evaluating 10 BC^ plants from each selected BC r 
the best BC, recovery had an estimated of 94.6%. 

Discoaion t 

The simulations (Tabic 2\ Hospital et al. r *l992) and our ^ 
experience indicate thai four markers per 200-cM chromoxome 
is adequate to greatly increase the effectiveness of selection in 
the BC r However, using only four markers per 200 cM will 
likely make it very difficult to map the location. of the gene of 
interest. Adequate -summarization of Ihe data it an important 



7»bW 2. PcrcsrJ recurrent parent genome during ma'ktr-dxtixtvd btuksrttsi*** 



Centrarton 



BC, 
BC, 



BC, 

BC, 
BC, 





ifO Pr&seoy 




see matay _ 






nattort 








TO 


40 


so too 


20 




to 


100 






Onds*lici§d 










84.5 


U3 


84.2 88.0 




90.7 


90.2 


90J 


95.0 


95,2 


, 95.* 912 


96.5 


97.7 


91.5 


98.6 


97.4 


97.6 


9B,9 992 


97,7 


98.3 


99.4 


99.5 






Fire lcUctcd 










82.9 


" S5-1 


S4.9 8*7 


87.7. 


BlLt 


88.9 


84.9 


93.7. 


95.0 


95.E P5.7 


95-5 




97.8 


97.9 


97.1 „ 


98.3 


98,8 98.9 


97J 


98.J 


99.3 


99.3 



Table 3. Estutaies t>f pefrot/ rzcusrtnt pircn* gencm*. bajtd o* ryafitt W- 







iee hiifltHT 












NToum 






No. rn«rk»n 




Gcncr»tf»a 


20 


40 


so toe 


w ' 


40 


SO 


100 


BC, 
BC, 


98.7 
100.0 


97.8 
99,8 


On* stUcnd 
95.fi 97.2 
99-3 99.5 


100.0 
100.0 


99.1 
100.0 


98.6 

99.9 


98.0 
98.1 


BC, 

BC, 


96.4 
99.9 


96-S 
99. B 


96.2 95.8 
99.1 99. 1 


LOO.O 
100.0 


9«,5 
100.0 


98J 
99.9 


98.2 
99.8 



42 



Analysis of MoUculnr Marker Data 



Received from < 515 334 6883 > at 2/28/03 10:36:36 AM [Eastern Standard Time] 



02/28/03 FRI 10:46 FAX 515 334 6883 
- KktJj- 1 4-^UUi5 ?Kl 1UI4S fln nUNttK HI \iKt\) 
02/14/03 10:22 PA* 812 6257254 



PIONEER HI-BRED DSM 

rfiX NO. ZWdlM 

V OF M CENTRAL LIBRARY 



© 03S 
[ft 



0)005 



: pan of a xnarfcer-assisted backcroa* prc-grim .Ideally , the marie- 
^ used can supply data that can be reprejeftted as alleles ofloci 
*|th known map position- Estimation gf ftRp, mapping the 
pasiriOR of the locus of interest, and graphical display of the 
icsultt (Young and Tankslcy, 1939) are all useful in Under- 
handing and controlling the specific backcross experiment 
being conducted. 
It appears due with the use of genetic markers, the portion 

, of the R? genome thai Is not linked to the allele being trans- 
ferred can be ret owed quickly and with confidence. The 
recovery of rp will be slower on the chroraoaome carrying the 

'.jene of interest. A considerable amount of linkage drag is 
etpecced Co accompany selection for the tfP alWe in a back- 

. -pross progran. For a locu$ located in the, middle of a 200-cM 
chromosome, the len§th of the DP chromosome aegxneni jjc- 

Veotfpa&ying selection is expected to be 126, 63, and 28 <sM JQ 
the BC I , BC 3 , and BC T generadons, respectively (Basso*, 
J^Nav^inxandBarbadilla, J 992). Our observations support 
the recommendation of Hospital ec al. (1992) thai preference be 

, ' given co die selection for recombinants proximal to die allele of 
'/.interest* but that selection for recovery of the RP elsewhere in 
the genome alio be Considered. Thia hvo-iUge selection em 
probably be done quite effectively ad hoc by the breeder once 

; the tiara js adequately summarized; however, Hospital ct al. 



suggest ways to Incorporate the two criteria Into a selection 
index such that each Component of Selection i$ assured npftra- 
prlata weljjhdn^. 

Use of aenetic markcreean steady increase theeffeciivenes* 
of backcrossmg, and lhay should be used in SUiy serious back- 
crossing program if resources are available to (he breeder. 
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2 MAIZE - THE PLANT AND ITS PARTS 
R. Scott Poethig 

Department of Agronomy, Curtis Hall 
University of Missouri 
Columbia, MO 65211 



One of the greatest deterrents to an appreciation oi 'plant -gW^lozy 

take the place of sepals and petals. f a ° g r ^ f at ^ s ' tering nTaize morphology is 
in a relatively simple fashion, .so the task of * as ™S ^ ^ 0 f the 
not as difficult as it might seem In ^ »^^ C X- their oreaniaation. 

K^YooV^^ 

and co-workers (Abbe and Phoney,. 951 Abb e^et al 1M ^ &ndol h (l9S6l) 

and Corn Improvement (1976). 

n,, organisation of the plant body : Maize is a »e»l »^of f 

^efi pi«rr ^rr ^d^.. 

wherever they occur on the plant. 

Maize has unisexual rathe r than 
flowers are located at the apical ^ J^^wTrs are found m^i to 
T^TJ^^^on ttt ot short branches near the middle, 
of the stem (Fig. lb, 2). 

c -.I* s^ri female flowers in separate structures 
This partition^ of male and female £°£« 5 the principal reasons 
distinguishes maize from other cereata and is one * Making controlled 
that its genetics has been so co^enientiy ^ed. M g ^ 
pollinations in maize requires little * or ® e "°" ^3 controlled pollination in 
a bag over the tassel and ear J 0 .^ 10 ^ each 

rice, wheat, barley and other cereals, it is ncessarj 
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flower used as a female parent, an especially tedious job when each flower 
yields only one seed. 




B 



SL° f end teSSat Tin S primary root (radicle). The ear .hoot 
aSi from an internode near the center of the cuHu. 

i i ^int^H ^n^cies in that it has relatively 
Maize also ^s irorn closely related gf ^ slem prod 

few branches Only th« Mo^er 10 to sup p resS ed. Above-ground 

branch pnmordia , and most of these rem ^ subter ranean inter- 

primordia develop into ear shoots, w ™ e mose ^ structure to the main stem, 
nodes develop into tmers-branches ident ca ^ ^™ C \^ er very little, and 
Commercial ^^^^'^^l^^^^t. some "varaeties" 
SfSeM lU?^er a ndT a y S pro d uce 2 ears on the ma* stem and 
some ears on tillers. 

_ . . f . cf fnlir weeks after germination , the growing 



< 
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height (Fig. 3). Subsequently, the stem begins to elongate rapidly , with 
most of th! growth occurring at the base of the internodes. The lowermost 
6-8 internodes do not participate in this growth, however and remain below 
ground where they produce the root system and tillers. These subterranean 
Sernodes taper sharply towards the base of the stem for^mg a di^mctwe 
region the crown (Fig. lb). The stem is thickest a few inches above 
Zfuad and tapers gradually towards the tassel. All the internodes from 
tK top ear downward have a distinct groove associated with the axillary bud 
at the base of the internodes; internodes above the ear lack axillary buds 
and are smoothly cylindrical. 




Figure 2. The major parts of the maize plant. Drawmgs m part from P. 
^ Weatherwax in Corn and Corn Improvement 1955 and E. D. 

Styles et al. in Can- J- Genet. Cytol. 15:59, 1973, figure 
assembled by M. M. Johri and E. H. Coe. 
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The stem of an ear shoot, called the shank (Fig- 2), differs from the 
• f £ relatively short in most~strains . In addition, the mter- 

™£s of the shSfk are TarSbL in n^mSer, irregular in shape and size and 
?en t h?ve a SiSEl™er than smooth surface. Secondary ear shoots 
-commonly occur on the shank of several types of maize, but are rare in most 
commercial strains unless fertilization of the apxcal ear is prevented. 




right, the stem is still relatively short at this stage. 

The tassel- The tassel, located at the top of the culm, consists of a 
• , i t Kr.tnnh«* rUikes^ covered with numerous, small aower- 

common on tillers. 
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Figure 4. Schematic drawing of a pair of tassel spikelets (A) and a pair of 
ear spikelets (B). Note that the lower floret in the ear spikelet 
aborts early in development, p.s. - pedicellate spikelet; s.s. - 
sessile spikelet; gl - glumes; le - lemma; pa - palea; fl - floret. 

Surrounding both florets on a spikelet are 2 leaf-like scales called 
sriumes (Fig. 2; 4a). Within the glumes, each floret is. indiyiduaUy enclosed 
Sr^Ho"ther pair of scales, one located adjacent to the glume (the lemma), the 
other located between the two florets (the palea) (Fig, 4a). Ax an the sis 
these scales are forced apart hy the swelling of corneal fractures 
(lodicules) at the base of the 3 stamens, and the fcjamentous base of the 
stamens elongates, forcing the anthers out of the flower (Fig. 2) As they 
dangle downwards, the anthers shed pollen from openings at their tip. 

Pollen grains are the multicellular products of the haploid-microspores 
that result from- the meiosis of a microspore mother cell (microsporocyte) . 
Meiosis takes place in the anther before the tassel emerges from the leaf 
sheaths. After meiosis, the 4 resulting haploid microspores separate from 
each other, and "each forms a thick wall. Shortly before shedding, each 
microspore undergoes two mitotic divisions. The first dMsion is asymmetnc, 
and produces a relatively large vegetative cell and a smaller generative ceM. 
In the second division, the generative cell divides to form two • jperm cells. 

The ear' The ear is morphologically similar to the tassel, although this 
rese mblance is obscured by differences, in the relative size-of their parts. . 
The crucial difference between them is, of course, that the tassel contains 
male flowers, and the ear bears female ones. This difference is due- simply 
to the fact that during the formation of an ear floret stamen pnmordia are 
arrested at an early stage in their development, while the pistu develops 
fully Each functional ear floret has a single ovary , which terminates m an 
elongated style, or silk (Fig. 5). Within the ovary is a single embryo sac . 
The embryo sac is thTproduct of one of the four haploid cells resulting from 
the meiosis of the megaspore mother cell. While its three sister cells de- 
generate thp nucleus of this cell divides three times to produce 8 haploid 
nucle? withS" a common cytoplasm (the embryo sac). Two of these nuclei 
(nolar nuclei) migrate to the center of the embryo sac where they become 
c S^S ted g The three nuclei remaining at the base of the embryo sac 
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subsequently undergo cellularization to form the egg cell and two synergids , 
while the 3 nuclei at the tip of the embryo sac proliferate to form 24-48 
antipodal cells . 




Figure 5. Radial longitudinal section of an ovary with an unfertilized 
embryo sac (after Randolph, 1936). Upon fertilization, the 
nucellus is digested by the expanding embryo sac and the tissue 
surrounding the nucellus is transformed into the pericarp . Isi - 
silk; e.s. - embryo sac; nu -.nucellus; in - integuments. 

The ear also differs from the tassel in that it has no major lateral 
branches, Its thick, lignified axis, the cob, is homologous to the central 
spike of the tassel., As in the tassel, ear spikelets come in pairs , - but in 
the ear they are equal in size and only one of the florets in each spikelet is 
functional (Fig. 4b). An ear therefore has an even number of parallel rows 
of equally sized kernels equal to the number of spikelets on the cob. The 
number of rows (or ranks) of kernels ranges from 4 to 30'. 

The glumes, lemmas and paleas of the ear spikelets are readily visible 
in an unfertilized ear, but are soon obscured by the enlargement of the 
ovary after fertilization. In a mature ear these structures are represented 
by the chaff that adheres to the cob and the base of the kernel after it is 
shelled . 

The leaf : Maize produces three kinds of vegetative leaves: foliar 
leaves , husk leaves and prophylls . A foliar leaf is located at each of the 
nodes on the main stem, husk leaves are located on the shank of the ear 
shoot, and prophylls are found at the base of the shank between the ear 
shoot and the stem (Fig, 2). 
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The foliar leaf has two distinct parts—the blade, a flat portion ex- 
tending away from the stem, and the sheath, a basal part that wraps tightly 
around the stem (Fig. 2). Internally, the blade consists of a spongy 
network of cells traversed by a series of parallel, longitudinal veins. This 
flexible lamina is supported by the midrib, a thickened, translucent struc- 
ture located in the center of the leaf. The sheath is thicker and more rigid 
than the blade, possesses fewer longitudinal veins, and lacks a prominent 
midrib The sheath completely encircles the internode above the node to 
which it is attached and may extend the entire length of that internodev, 
During the early development of the plant, the leaf sheaths provide most of 
the mechanical support necessary to keep the stem upright. At the bound- 
ary between the blade and the sheath there is a distinct. hinge of translucent 
tissue In this region, the leaf blade and leaf sheath -narrow sharply, 
forming an indentation in the leaf margin. The wedge of translucent tissue ^ 
adjacent to this indentation is known as the auricle . The kgule is the thin 
collar of filmy tissue located on the inside of the hinge. 

The husk leaves surrounding the ear are usually considered modified 
leaf sheaths, with vestiges of the blade portions occasionally present n 
some .strains husk leaves develop a prominent hgule and leaf blade. In 
contrast to the leaf sheath, husk leaves are relatively thin and flat. Each 
husk leaf is attached to a unique node on the shank, and all but a few 
upper ones are arranged distichously. 

Located between an ear shoot and the stem, the prophyll looks super- 
ficially like a husk leaf, but is distinguished by having two keels : (nidnb ) 
and a split apex. These features suggest that the prophyll arose evolu- 
tional-fly from the fusion of two foliar leaves. The homology of the prophyll ' 
is still controversial, however. Galinat (1959), for example considers the 
prophyll one of the basic units of maize morphology, the others being the 
internode, leaf and axillary bud. 

The root- More is known about the growth, cell biology, physiology 
and anatomy of the primary maize root, or raddle, than ]»rh«ps w other 
organ of the plant. Its histological structure, described bySass (1976) and 
Kiesselbach (1949), is typical of roots in general. The apex of the root is 
sheathed £1 a loose network of root cap cells. Immediately behind the apex 
is a zone of cell division and elongation, beyond which root hairs are 
initiated. Larger lateral roots arise at varying points behind the zone of 
root hair formation. Cell division is restricted to the apical 3 mm. of the 
root, and occurs at a maximal rate 1.25 mm behind the apex The zone of 
elongation extends 8 mm behind the apex, the rate of elongation Wg 
maximal 4 mm from the tip (Erickson and Sax 1956V Tho se niter ested in 
using the root for physiological or cell cycle studies should consult 3^k and 
Erickson (1979; 1980) and Green (1976) for an analysis of the growth para- 
meters that must be taken into consideration in such studies . 

The primary root represents the basal end of the plant axis, which in 
maize and other grasses contributes relatively little to the ultimate root 
System (compare Fig. la and b). Most of the root system consists of 
adventitious roots produced by the basal-most interaodes of the stem The 
primordia of a few adventitious roots are normally present in the embryo, 
and these emerge soon after germination. New root primordia are subse- 
quently initiated at the base of all subterranean internodes, and also appear 
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a t 9 or 3 above-ground internodes after the stem has elongated. Sub- 
terranean adventitious roots are sometimes called cjwnj^ts, while those 
initiated above ground are known as brace roots. 

Adventitious roots grow horizontally for several feet before turning 
a , I! As a result the root system of a single plant often covers a 
A Z^% l'(Jt £ Ster while the depth of the root system may be as 
region 6-8 feet m toete r nu branches profusely in the region 

the apex fomlg both' secondary roots and unicellular root hairs ^ , 
. The tota?ien1"'o/ ™o"!ystem of a mature plant has been elated to be 6 a 

miles . 

Th* vprnel- The events surrounding the process of fertilization have • 
been ^LscSbTd by ^7° 1919) , Kiesselbach (1949) and Pfahler 1975. ; 
unformnSy? ultrastructural information about this phenomenon isc.still 
unavailable . 

Tho <rilk is receptive to pollen along its entire length. Within 5 minutes 

after Tpoufn 'pTEi ' S^^r % " 

silk and grows downward towards the °™lrate to t | e tip of the poUen • 
vegetative nucleus and ^^^l/^^S^ reaching the embryo 
tube where ^ u ^ te *™^^ of* the pollen tube bursts, 

in the center of theem££ ^ * °- ^ *e egg nucleus- to form the 
endosperm. The^ <>«« r S PJ™ en tile polar nuclei and the egg nucleus are . 

ESfSl^ n^id" a^^S^US- the genotype of 
ftfendcs^m a^k embryo when the male parent is heterozygous 

The development or the kernel following J^*!?^ 
in delil by Rudolph ^936) We c^y -te he e h^ u» s ^ 

40-50 days and * -^P™^ ^/f^"* accumulation of food 

Z^Ttolri^'A* bj about day 40, and the-remamu* 

10-20 days is spent maturing and drying. 

A -tu /e kernel ha ^ ^ ^.j^lJ^g^ 

e mbryo (Fig. 6). Ine pericarp, uic t 5 tVl -Jlf ore gr ene tically identical 
kernel ' is derived from the ovary wall and is therefore geneucauy _iu 
toTe maternal parent. The " endosperm and embryo represent the next 
generation. 

The endosperm makes up about 85% of the weight of the kernel and is - 

protein bodies is higher around the Penphery or tne _ en y 

Center giving the ^^^^^ SSSS^JSS' tTtba crown 

granular center. In dent drvill g produces a distinct 



Received from < 515 334 6883 > at 2128103 10:36:36 AM [Eastern Standard Time] 



02/28/03 FRI 10:57 FAX 515 334 6883 



PIONEER HI -BRED DSM 



®079 



17 

characteristic of specific races of maize. Other common endosperm traits, 
such as sugary, floury or shrunken, are single gene mutations and can exist 
in either a flint or dent background. 




Figure 6 Longitudinal sectors of a mature dent kernel, taken perpen- 
dicular (left) and parallel (right) to the upper face of the kernel 
(after Kiesselbach, 1949). pe - pericarp; en - endosperm; al - 
aleurone; sc - scutellum; co - coleoptile; pi - plumule; ra - 
radicle; cr - coleorhi2a. 

Much of our understanding of gene action in maize is based on the 
analysis of genes affecting the pigmentation of the external layer of the 
endosperm, the aleurone . This specialised single cell layer is the only part 
of the endosperm capable of ^becoming intensely pigmented. Internal endo-^. 
sperm cells may be either yellow or white. 

The embryo is located on the broad side of the kernel facing the upper 
end of the ear, beneath a thin layer of endosperm cells Most of the tissue 
in the embryo is part of the scutellum, a spade-like structure concerned 
with digesting and transmitting to the germinating seedling the nutrients 
stored in the endosperm. The shoot and root axis are recessed in the outer 
face of the scutellum. In a mature kernel, the shoot ( plumule ) has 5 to 6 
leaf primordia that are arrested at successive stages of development (Abbe 
and Stein, 1954). Surrounding the shoot is a cylindrical structure called 
the coleoptile . Upon germination, the coleoptile elongates until it is above 
ground and is then ruptured by the more rapid expansion of the rolled 
leaves within it. The root is enclosed in a sheath of tissue called the 
coleo rhiza . Unlike the coleoptile, the coleorhiza does not elongate very 
much, and gives way to the radicle as soon as it emerges from the seed. 
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Vyhat is qn "Essentially Derived Variety"? 

The concept of essentially derived variety was introduced into the 1991 Act of the UPOV 
Convention in order to avoid plagiarism through mutation, multiple back-crossing and to 
fill the gap between Plant B.reejjeils RjcMs and patents, gap which was becoming 
important due to the development of the use of patented genetic traits in genetic 
engineering. 

An essentially derived variety is a variety which is distinct and predominantly derived 
from a protected initial variety, while retaining the essential characteristics of that initial 
variety. 

As indicated as an example in the UPOV Convention, essentially derived varieties may 
be obtained by the selection of a natural or induced mutant, or of a somaclonal variant, 
the selection of a variant individual from plants of the initial variety, back-crossing, or 
transformation by genetic engineering. 

The commercialization of an essentially derived variety needs the authorization of the 
owner of the rights vested in the initial variety. 

The concept of essentially derived variety does not at all abolish the Breeder's 
Exemption, as free access to protected plant varieties for breeding purposes is 
maintained. It is not a threat to biodiversity. On the contrary, it favors biodiversity, 
encouraging breeders developing and marketing original varieties. 
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INTERNATIONAL CONVENTION 
FOR THE 

PROTECTION OF NEPf VARIETIES OP PLANTS 

of December 2, 1961, as revised 
at Geneva on November 10, 1972/ 
on October 23, 1973, and 
on March 19, 1991 



adopted by the Diplomatic Conference 
on March 19 , 1991 

reproduced from UPOV Publication No. 438(E) 
issue No. €3 of "Plant Variety Protection" 



1991 Act of the Convention 
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Article 12 
Kritmi ration of the Application 

; ; Any dtchiw to grant a breeder's right shall require an examination for" 
compliance with the condition* under Article! 5 to 9. <in the bourse of the 
examination, tbe authority may grow the variety or carry out other neceasary' 
teats, cause the growing of the variety oc the carrying out of other necessary 
tests, or take into account the result* of growing tests or Dther trials which 
nave already been carried out. for the purpose* of examination, the authority 
may require the breeder to furnish all the necessary information, documents or 
material. - 



^ Article 13 

Provisional Protection 

fca<?b Contracting Party shall provide mea^res designed to safeguard the^ 
intereatB of the breeder during the period between the filing or the publica- 
tion of the application for the grant of a breeder's right and the grant of 
that .right* Such measures shall have the effect that the holder of * breeder 'a 
right shall at least be entitled to equitable remuneration £ron any person who, 
during the said period, hae carried out acts which, once the right is granted, " 
require the breeder** authorization as provided in Article 14. A Contracting 
Party may provide that the laid measures shall only take effect in relation to 
parson* vhoa the breeder baa notified of the filing of the application. 



Chapter v 

THE RIGHTS OF 9HB brsedkr 

Article 14 
Scope of the Breeder's Bight 

<D (Acta in respect of the propagating material 1 (a) Subject to Articles 15 
and 16, the following act* In respect of the propagating material of. the pro- 
tected variety shall require the authorization of the breeder: 
(1) production or reproduction (multiplication), 
<ii) conditioning for the purpose of propagation, 
(ill) offering for sale, 
(iv) selling or other marketing, 

(v) exporting, 
(vi) importing, _ , 

(viij stocking for any of the purpose* mentioned in.(i) to (vi), above*" 

(b) .The breeder may make hi* authorisation subject to conditions and 
limitations. 

(2) tActa i n respect of the harvested material ! Subject to Articles 15 
and ;.^* - *? tfl . eefexxmd to in lteme(i) to fvil) of paragraph "(1) (a) in 

rmapect of harvested material. Including entire plants and parts of plants, 
obtmina'A' through_ the unauthorized use of propagating material of the protected 
variety shall require the authorization of the breeder, unless the breeder haa 
had reasonable opportunity to exercise hi* right in relation to the safid 
propagating material* * 
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<3) ** cta in rgapeet of certain produ ct-.: ) -.-k c „„^ r .^, 

that ' to Alleles is and 16, th^ L.rtt'"* ili^il" 1 *™ 7 t * r,>vlde 

rial of the protected variety fallina witm**! aleec "y ttem harvested ««te- 
tfcrouah the Jnauthorixed ../J^^S^^^'S?' <*> 
•uthori*aUoo of the breeder, unless the bree/e ' EVV ^ M » 1 " th '~ 
to.eieccise hi. right in relation t0 Le Sj M«S,?J^S? ° PPOrtunlty 

(4) t P-Qsglble additional a gte) z^ch Contracting ^- 

(«) varieties which are not clearly diHtlno„f»h:.H n - i ' . ~ 

Article 7 fro. the protected variety and -"-tlAguIshable In accordance with 

vir}ity. VaCl " tieS Wh °" * rta « tio " W« the reputed use of fcha protected 

th. expression of the essentia! characteristic* that result f'™ lL ! ? 9 
or ccohinatioB of genotype* of the initial variety, ' ' 9 " OWe 

(li) It is clearly distinguishable fro. the initial variety and 
(1U) except for the differences which result fro> the act of d.,i«H' n n t- 
conform to the initial variety ,„ the egression ,i t J # « „ j c£«Sris- 
iaScST 9en ° t,P< " of genotype. <*°£ Initial 

*t n L C L ElHentiall y derived varietiea «ay be obtained for exaaple by'the selec- 
tion of a natural or induced -utant, or of a aomaclonal J??.!,* »L - i 

Article IS 
teeceptipM to tbo Breeder 'a Big ht 

U> <S9«P^«>gT option*] Th. breeder- a ri 9 ht *hall not attend to 

(i) actc don* privately and for non-commercial purpose*, " r 
(ii) acta done for axperionntal purposes and 
(ill) acta done for th# putpoac of breeding other variat'ea and -»<«*' 
f"!^ : P—iaion. of Article 14(5} apply, r^^U^ 
to (4> In respect of euch other varietiaa, w * * ( ' 
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A3STRACT 

Determination of parentage is fundamental to the study of biology and co applications such as the 
identification of pedigrees. Limitations to studies of parentage have stemmed from the uac of an insufficient 
number of hypervariable loci and mismatches of alleles that can be caused by mutation or bv laboratory 
error and that can generate false exclusions. Furthermore, most studies of parentage have been limited 
to comparisons of small numbers of specific parent-progeny triplets thereby precluding large-scale sui-vcys 
of candidates where there may be no prior knowledge of parentage. We present -an algorithm that can 
determine probability of parentage in circumstances where there is no prior -knowledge of pedigree And 
that is robust in the face of missing data or mistyped data. \v"c present data from maize -hybrids and 
536 maize inbrecli chut were profiled using 195 S5R !oci including simulations of- additional levels of 
missing and mistyped data to demonstrate the utility and flexibility of this algorithm. 



DETERMINATION of parentage Is fundamental to 
the study of reproductive and behavioral biology. 
The increasing availability of highly discriminant ge- 
netic markers for many diverse species provided the 
potential to uniquely characterize individuals at numer- 
ous loci and to unambiguously resolve parentage where 
genealogical relationships are unknown, in error, or in 
dispute. 

Identification of parent-progeny relationships in wild 
populations of animals and plants provides insights into 
the $uccess of various reproductive strategics (Ell- 
strand 1984; Smol'Se and Meagher 1994;- Anderson 1 
et aL 1999) and has allowed for the implementation 
of management programs to conserve genetic divers icy* 
(Miller 1975; Ran.nah and Mountain 1997). The 
association of pedigree with physical appearance or per- 
formance in domesticated animals and plants allows 
parents that have contributed favorable alleles for desir- 
able traits through selective breeding programs to be 
identified (Boweas and Meredith 1997; Sekc & a ^ 
1998; Van kan and Faddy 1999). These applications of 
associative gene ucs facilitate further progress in genetic 
improvement through breeding. Establishment of par- 
entage is also useful to secure legal rights of guardian- 
ship "m humans, to help protect intellectual property in 
plant varieties, to validate breed pedigrees of domesti- 
cated animals, to protect stocks of fish, and to identify 
provenance of meat that is available in supermarkets 
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(Cotz and Thaller 1993: Primm^ tt aL 2000: Whits 
it aL 2000). 

Most studies of pedigree have utilised exclusion analy- 
sis where the molecular marker r ge no types of either one 
or a restricted number of potential triplets of offspring 
and putative parencs are compared. Often the identity 
of the mother is not."in question; the maternal profile 
is subtracted from that of the offspring and the deduced 
paternal profile is then compared with candidate father 
genotypes (Ellstra.vd 1934; Hamrick and Schnabel 
1985). Individuals who could not have contributed the 
paternal genotype are excluded* the' remainder are pos- 
sible parents. Nonpatcrtliry in humans is generally de- 
clared only on the baiis of exclusions exhibited by at 
least two unlinked and independent loci- This cricerion 
of exclusion reduces the likelihood of a false declaration 
of nonpaternity on the basis of marker results that are 
actually, due to mutation within the phylogeny. Bein et 
al. (1998) show that evidence of nonpaLernicy should 
require exclusions at loci on different chromosomes to 
avoid erroneous conclusions chat would be made due 
to nondisjunction at meiosis leading to uniparental in- 
heritance. A requirement for at least three independent 
exclusions to declare no n pa tern icy in humans has also 
been instituted (Cunn et aL 1997). tn studies of natural * 
populations of animals or plants where numerous par- 
ent-progeny tripEeLs arc examined u is usual to accept 
a single exclusionary event as evidence of nonpaternity 
(Marshall H aL 199S). Patenmv testing has been ex- 
tended to situations where DNA from either parent is 
unavailable. For example, paternity can still he estab- 
lished in circumstances -a here tht: putative father is de- 
ceased but his pareius are still .liixc i Hklmtnkn ei al 
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demonstrate that pantnin fan lie determined in ot^o 
where the mother i> uiuruulahle rt»i tiling. L-^xt. w 
of. [VMS) partially tv. - -im; m.ted the DNA pn.lHe «i!'.t 
mi-siti!? crocodile paunr u>tii'j; pve-Kh v <»f die murhfr 
and progeny. 

Chakraborty w ui \ K'S^ unci Smolsk and \U:\<:.hv.h 
(1904) report that reliance upon exclusion ahme haS' 
usually failed to unambiguously resolve paternity. Limi- 
tations have stemmed from die use of an insufficient 
number of independent hypervariable loci. Other statis- 
tical methods are therefore required to calculate the 
likelihood of paternity for each noneNcfuded male 
(BfcftftY and G*is5*R \93& t Mlacher 1936; M&acher 
and Thompson 1986; Thompson and MhaCmkr 1937; 
DtVLW stai 1983; Bkhrv" 1991). Marshall Hal (1998) 
draw attention to the quality of data that is encountered 
practically in genotypic surveys. Maternal genetic data 
may or may not be available, data may be absent for 
some candidate males, data mas he missing for some 
loci in some individuals, null n'Mes exisL, and typing 
errors occur, Reconstructing or validating the pedigrees 
of varieties of cultivated plants often provides additional 
challenges because their phytogenies can reveal appar- 
ent exclusions that masquerade as non-Mendeliun in- 
heritance. For example, apparent exclusions can occur 
in circumstances where an individual U use-d as a parent 
prior to completion of the inbreeding process. The de- 
velopment of parent and progeny then continue on 
parallel but separate tracks thereby allowing the possibil- 
ity that alleles that are subsequently lost through in- 
breeding in the parent can still become fixed' in the 
progeny. It is also possible to create many offspring from 
a single mating and to use the same paren; repeatedly 
in "backcrossing." Therefore, many individual inbred 
lines, varieties, or hybrids can be highly related. In con- 
sequence, there arc numerous (and often very similar) 
pedigrees. The effective number of marker loci that can 
elbcriroinate between- alternate pedigrees is proportion- 
ally reduced parencs are increasingly related. Conse- 
quently, inbred lines can be more similar to one or 
more sister or other inhreds than those inbreds are to 
one or both of their parents. 

It has not been usual to search among hundreds of 
individuals to identify the most probable maternal and 
paternal candidates for a specific progeny. Most studies 
of parentage are in circumstances where thcrcjs a priori 
information for at least one of the parents (usually the 
maternal parent) . Limited availability of marker loci and 
the lack of very high-throughput gr:u>tvping systems 
offering inexpensive da^poiiu costs may haw focused 
research on studies that involve relatively few individuals 
and where there is at leaM sumo n prnn-t indication ot 
parentage. Studies that base- !rni rouducted without a 
{MM-i information on parentage mfhide >preirs where 
leproducthc behavior rei\de:> idem iiicaiam ol me ma- 
ternal parent dithcult or :mp'^iblo r~\amples .m hide 



llti/M" undertaken on bu'cN that piatiue biond para>it- 
mii f.\i OUksox tt al. or e\t:a-[>...r copulation 

UU:rm\ et al. UJ*)^) or on .ipet ies >ui.h as the wo it', bat 
rh.tl are difficult to uh-e;iv\- in liit. wild TvYiOK W fit. 
IMuTi 

Twu circumstances favor a revised approach to tiic: 
statistical analysis of pedigree First, molecular marker 
technologies are rapidly" developing and will allow nu- 
merous loci to be typed for thousands of individuals 
rapidlv and inexpensively. A greater number unci 'diver- 
sity of larger-scale studies of pedigree can be expected 
within the plan; and animal kingdmns including individ- 
uals in which there is no prior knowledge pedigree. 
A larger number of markers mean a greater chance 
for errors. Therefore, the second circumstance follows: 
Procedures that arc efficient and robust in the face of 
apparent exclusions, missing data, and laboratory error 
are required. 

The purpose of this article is tu describe and evaluate 
a methodology chateau be used to quantify the probabil- 
ity of parentage of hybrid genotypes. We focus on par- 
entage because it is the primary focus of published litera- 
ture and it is the easiest level of ancestry to understand. 
The method is robust in the face of mutation, psetido- 
non-Mendelian inheritance (apparent exclusions) due ' 
to residual heterozygosity in parental aeed' sources, miss j 
ing data, and laboratory" error. The -methodology has a 
number of advantages: (i) It can accommodate large 
datasets of possible ancestors (hundreds of inbreds or 
hybrids each profiled by >l00 marker loci ; , <ii) it does 
not require prior knowledge about either parent of the 
hybrid of interest, (in) it dues not require independence 
of the markers, and (iv) k can successfully discriminate 
between many highly related and gone- deal U similar ge- 
notypes. We demonstrate the effectiveness of this ap- 
proach to identify inbred parents of maize' K'Zra mays 
L) hvbrids using simple sequence repeat (SSR] marker 
profiles for 54 maize hybrids together with their parental 
and grandparental genotypes included among a total 
of 336 inbred lines. The methodology is applicable to 
the investigation of parentage for al! progeny developed 
from parental mating without subsequent generations 
of inbreeding. 

MATERIALS AND METHODS 

Algorithm: Consider an index hvbnrl whose parentage is 
unknown or in dispute. Inbreds ;n ait Available database arc 
pos-uhle ancestors of die hybrid. Thr i>r>jr.-ruve is :o find the 
probabilities of closest ancestry fnr tat h mined t>n the basis 
uf intimation from ,S5Rs from ;ht: i:idr\ rnhiid and the 
inbrt:r!s. There is no season ro n im [he il:ttalv.se hy removing 
mtu'cds thought to bt: unrelated u.» :hc .mli-x hvbnd because 
their !ac k of relationship wilt hr di>i :;\n'vl 

(;nn>ider :i pair of pos.-iehle :i-Lom;v iiibird unci inbred 
i. (here notrnn^ sj>ee:::. .ibm.; p.iiru.il.i: pair all 

Ij.iirs u:U he Treated ( i m t Is n^- pi-» n. i i\\c\ r,iU -jhuhig 
Lin pn.ixibiiitv that inbced> 'a:id • av. in rl;<- h\ i m \r{\ .incests . 
t r;M-;-iinv; diis hit* ,UI p.i;r> •.): :nli:ed> in rhr t l.irih.i.M". 
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hasi.v >.r .il^-.rid G..\<V n;W : r - . [W kk^ !'.".> I . 

I'/'/h:. Li-: hi, /INMn- nt.ii a! N .| thr ( | jO>;v i ii ,i : pt ■ iKi'»,|ik ' 
ihur / utif ly :ii'f .iriLcMi • "t ;hc uuL-x In hi id .;:vc:i i!h- !()!■ ,; :, M - 
lum fr'nn rhc \;irii<iis .SSRs. !.»•: / 3 f /. /I >,r.nir! for r|n; unrniidi- 
tkmal '.or piu>n pit/>.ihiliU of the- same eu-n:. Kn...ll'.. 
/ J f>SR.>k f) m 'hr |>r-ih ihilir.- rjr' oh<^r\in<; rhr '.;hVmi> SS[\ 
result* it il) tact ' uiui ;atr ancestor*. KavcV rule iu'> 

;!S5K»: = /fSSR.,ir. n x /'(/./) ^ [ /^SSR.* ! 'e. <: P: n. / 

where the SLirn in the denominator is overall pairs of inbreds. 
indexed by u and y. Pf.SSRsi /. j) X P;/. ;) is out of the terms 
in die der.ominnror. fTo compute the denominator in che 
abo\c expression, fix a particular order to rhe inbreds in thr 
dr.rabaie and take :i < fin expressions involving the pair <; «, 
v). If there arc 586 inbreds. for example, then the number 
of pairs and the number of terms, in the denominator is 
586(587}/? = 171,991.) Inbreds j* and y may be parenu or 
grandparents or other types of relations or bear no relation- 
ship ai all to the hybrid. If there arc more than rwo ancestors 
in the database, such as both parents and all four grandpar- 
ents, then the possible pairs involving these ancestors will 
generally have the highest posterior probabilities. If the hy- 
brid's true parents i\rc in rhr database, then as a pair :hry will 
typically have :hc highest overall posterior prnKihiiif*. U h-'th 
i and j happen to hr. related to one pai Haiku parent of the 
hybrid, then as a pair their posterior probability will be low 
because they will noc usually account For many of rhc allele* 
that are contributed by the Other parent of the h\brid. 

We will make the "no-prior-inFormation" assumption that 
P{u t v) Is the same For all pair? [u t v), This implies chat :his 
factor is cancelled from both numerator and denominator in 
the ibove expression, giving: 

/UylSSR*) = /'(SSRsI/.^/S^SSRsIh. v). 

The problem is theri :o calculate a typical P{SSRii<,y K Assume 
inbred': i and y are both ancestors. We calculate :he probable;, 
of observing the resulting hybrid under this assumption. .U'e 
make no assumptions about relationships araon^ the various 
inbreds. Or.her possible ancestors will be considered implicitly 
in the calculation by allowing their allele* to be introduced 
through breedings with i and y. However, the nature of such 
breedings is not specified. Suppose inbied fs alleles .uc (n. 
b). Each descendant of inbred i received one of these two 
alleles or not. An Immediate descendant receives one wlih 
probabiliry I (barring mutations). A second generation de- 
scendant receives one of them with probability 0.5. And >o 
on. Since degree of ancestry f if any) Ls unknown. w<r label rhc 
actual probability of passing on one of these alleles to be P. 
Similarly, an allele from inbred j has been passed down to the 
hybrid or not, and the probabiliry of the former is P In !.he 
following. P^ili be taken ro equal 0.50, altliou^b wc will aiso 
consider P — 0.09 in some of the calculations. 

Assuming P ~ 0.50 is comisient with the closer ancestors 
in the database being grandparents. However, we are no? 
intere5ted in grandparents ptrr yr. If the closest ancestor* : n 
the database \ycre parents, then as indicated above P should 
equal 1 (ignoring rnutation.'S and laborator>' errors). Our pri- 
mary concern is when the parenLx are noc in chc database. In 
this ca.se Pis no greater than O.oO. .\3>umiii^ P = i* : ohi ^: 
over Lhe mitltile range of possible value* of P. One :ii 
which ir is rnhiLsr is if there ;rKiv be imirnfir>nv and Ii.K.-- r .i:or- 
errors, U\ '^hich case P ^ould have to < I Taking P 
equal n .50 levies Utile pena[:v Li^ainsc a particula? pnn m ■vhirh 
there is an apparent t.-vchujion IVi)iu direi': pari/niai;* Thr ;r- 
Irive r.:Ln)^ Pro h*.- < I imlmiis th.ir it rhf rruc p.it:M.:s ill :;: 
:he durabav 'hr-i rht.". '-vili nnt if iht-vc h. !;>-.; n 

H) be i iiwtaL !"i i> a.ui uiburaiorv rrrni v Ami if rhi- c!c>Nfif n i 
tors in ::\c da tan. w .ire m<ne rftnult* f han <n ;ui( <. i.l. i -.f. 



an !i* c -!\ to Or idi-iKtln-d h*i mi-- t ; .< a u M usaallv ! K ^ t : |,, 
k'^w-sr mixniatchi's tJ [ hnr % < < -:i>)Ui ! rd. 

!)t-n / and y art a:u fstuts rlitir .nv I'unr possthtlitiL-s. i J i 
TV allele Of horh iubrrd< t and / W r-rr passed lu the hshrirl. 
r-i mbrucl / c^nie th::r.n;h bi,; urn. inbred /. (Jn inbred ; 
cam<_- rhr'Ktah b;ir nor inhn-d a»>rl i» ncirfief inbred --.niv 
t!i! (A^h, .A.^uiniii^inikpcndcMi i.-. th<-e n;r-e rc^pecuvc- pt (J I ^ 
.ihiii[;e N P(l - r-(i - p>. (i - [„ the ca,c / J - 
0 3M, ;dl of :hcse profjahilidcs equal f ).^5. 

An ins:ance of :hc law of total prob«bilt:v (Sec. 5.3, Bkriiv 
19^0) is that the probability of observing a hybrid's alleles is 
:he a\eragc of the conditional probability of :h is event %Wtn 
rn^ above fotir c:\!>e5. The simplest of the four crises' is :he 
first possihilitv -Assuming che hybrid's alleles are parsed do\»ri 
direedy from both inbreds che probability of observing die j ^ 
hybrid's genoape is cither I ur 0 depending dti whether rhc 
hybrid shares both inbreds' alleles. (It is cspcriallr^easy when 
both inbreds arc homozygOLLs.) The other three cases require 
an assumption regarding the possibility thacan inbred's allele " 
is not passed co che hybrid but is interrupted by a mutation, 
a bboratory error, or intervening breeding. We regard such 
an allele as being selected from nri known alleles with probabii- 
ity l/(numbcr oF alleles), wherr the number of alleles is th^ 
total ii-jiiiljfi of alleles !;r.Own Lnr\-isi nt tho locus in question. 
An alierna::ve approach \%onld be to use th*: all-lie propor- 
tions that arc present in the. database (or in another database') . 
However, che lines in the database mny not be randomly se- 
lected from any population. Fur example, a line that has been 
highly used in breeding wT>«,ild have many derivative lines tn 
the database, in which case the frequencies of iti aJleles will 
be artificially inflated. Assuming equal probabilities for the 
various alleles at a given locus is robust in the sense char it is 
not afr'eLLed by adding and dropping lines from the database. 

There are many cases to consider when computing the 
probability of observing a hybrid's alleles, depending nit the 
zvgositv of the hybrid and the inbreds, and allowing for, the 
possibility Of missing alleies or. "extra alleles" in the assessnicul 
of the hybrid and inbred genocvpes. These possibilities arc 
coo numerous to Hsu Instead we give three simple examples. 
All rhe examples have homozygous inbreds. rhe most common 
case. And each of the three hybrids has two alleles, again the 
most common case. We suppose that the- measured alleles for 
three SSRs and a particular trio of hvbrid and ancestor inbreds 
are a* we have indicated in Table I. 

For SSR I there, are three known alleles, one in addition 
to alleles u and h that are Ilsc<tc! for the three lines (hvbrid. 
inbred /, and inbred j) in Table I'. For SSR 2 and 5SR 3 
there are two known alleles in addition to those listed. The 
calculations in the righi half of Table I will now be explained. 
Implicit, in calculating P{$&R\i.j) is the assumption — required 
in both the numerator and denominator oFBavea' rule — duit 
inbreds / and j are anccsiors of the hvbrid. Consider SSR 1. 
In case I above> both ancestors' alleles (as measured by the ... 
laboratory process) arc assumed to pass to the index hybrid, 
and so in this case rhc hvbrid is necessarily ab. The probabiiir-' 
of observing the actual hybrid's ^eriocvpe is 1 for case I. a* 
shown in Table I. In case 2. we assume that inbred fs allele 
passe* ro ;hc hybrid but inbred /s does nor. Tudecd, che hybnd 
has an a allele. The probability of observing a &as the other 
rvilele is !/ (number of alle':es> ~ 1/3. a? ^hown in Table I 
'Case 3 is similar, tn ea^ t. neither ancestor allele is pa^ed 
to tine hybrid: rhc probabiiitv ut observing the h%brid's i^enu- 
C^pe tor M\y ileCercj^-^oiis gciUMv^r) is *2{\. 3)[ l/j' =" - ! J. 
Sir.Ce P~ 0.r>0, rht; overall ' u:n aim iinmuil ) pi ol>air.Ii:\ in ;hc 
rttrh i Hi' >sr cot^jTln .17. :'ti . is ;he <i iti pi r» a\t'i a^r < A rhr hair 
tY-"^. as iivlii aterl in Tabic !. 

Ff.-t SSR 2 and SSR rt>e raU-'.riau: »■> aif >itnilai. Yot SSR 
„' -hci' t ' is -uinf e\idt::i( f a^airtM p.iir w. > i K. int( anrcsfi^rs, 
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TAB IX t 

Probability of observing a hybrid's alleles uxyag three sample SSRs and Four possible combinations (cases J 
of alleles pawed, assuming that inbred*; i and 7 arc ancestors- of th* hybrid 













• f ^Im-.u- 


:h< 












hybrid 


s gcilucvpe 




















Nt>. M\ 








^isc 1 Case 2 




Cue t 


pen babilirv 


SSfs alleles 


Hvbrid 


Inbred £ 


Inbred j 


I j i. not j 








1 3 




ml 


Hft 


\ 1/3^ 


1/3 


2.- 9 


17/ 36 






lb 


C 


0 L/5 


* 0 


2. _3 


7/ lOD 


3 6 




cc 


D*l 


0 0 


0 


2 '36 




SSR. .simple 


>e£[iie:icc rep 


eat marker 


profile- 











but it is not conclusive. For SSR 3 there is even less evidence 
favoring pair U would noc cake many SSRs with evidence 
similar to chat for SSR 3 to essentially rule out this pair — 
provided that other pair* are not similarly inconsistent. 

To find the overall P(SSR$I/, j), multiply the individual 
P{$$R\i,j) over the various SSRs. There arr purelv eompura- 
ciotin.1 Wsucs to aridrc**. Each P{SSR\i,j) is a number bcturen 
0 and I. U"hen there arc a great many SSRs. the produce ol" 
these numbers will be vnnishingly small. To lessen problem* 
'Hvnh computational underflow, for each SSR we multipK 
"'fX SSR fit, v) by the same constant for each pair [u, v): the 
inverse of the largest possible such probability. For example, 
since 17/36 is the largest probability for a heterozygous hybrid 
at an SSR having three alleles (as is the case For SSR 1 in 
Table 1). we multiply all factors P[SSR1\il, v) by 3b/ 17, To 
eliminate remaining problems with underflow, we do calcula- 
tions using logarithms (adding instead of multiplying) and 
take analogs ac the end- 

The probability P(SSRl u, -j) is calculated tor at I {it. v) pairs 
and summed Over all possible pairings in the database, includ- 
" ir\g that for the inbred pair under consideration; (/, fi. This 
gives the denominator in the expression for P{i. ylSSRs). 

To determine the probability that any particular inbred, sax- 
inbred i, is the closest ancestor of the index hvbrid. sum 
^(SSRW. v) over all inbred* u with v =/ i. Call this y^ilSSRM. 
The maximum of /fSSRs j for any inbred i h I But <ince 
there is one closest ancestor on each side of the family, the 
sum of At"iSSRs> overall inbred* iis St. If there is a particular 
pair (i,fi for which P[i, ylSSRs) isclose co 1 then both Ft /ISSRi) 
and P^/lSSRs) separately will be close 10 1. 

SSR data: DNa was extracted from 54 maize hybrids and 
from 58b' maize inbreds. All of the hybrids and most inbreds' 
are proprietary products of Pioneer Hi-Bred International; 
some importnn: publicly bred inbred lines were also included. 
The inbred parents and grandparents of each hvbrid were 
included within the set of inbreds, Other inbreds that were 
genOtvped include- nianv that Are highly related bv pedigree 
to parents and grandparents of the hybrids. The hybrids were, 
chosen because each ha*> .1 pedijrree that is known to us and 
collectively they represent a broad array of diversity' of mui/.e 
germ plasm that is current b grown in the United States mn^inv; 
from earh' to Lite matoiitv. 

A toral of l-'n lye: were used in thi* jludv following 
procedures (U-S( libn I i:i Smith »■/•(/. (ly'J"). but mo< !i rVft 
described belov*. vsk ;uo were chosen on rhc basis thai thr^ 
individual!'. Ua\ v hern sh o^ u to h.uc a hi,^h power or itiscriitit- 
nnhon ninon^ m.r./r m h 1 cl liiu.s ,md collectivc-lv rhw pr'»vi:l:- 
lb i" a sami>lm.^ * ■! ' 1 ^ > -\ l> *: t-.ich chi 01m ho nu- a;'ni. < M r r.r-v 
SSR loci, [he rn'.i:'^!!!^ miir^*ers .in puu'iirht^eM un r- io* ur 1 . : 
00 irulividsu! iii.r/" » In milk 'voftu^ a,H H.tllo^'i: 1 ; * , L' f ^' ; 
:i (*Jt»l. 1 i^'o * Itu ^ /.^i, 7 \h). S i|;'!, .ir.ii 



(14); 17 S5R loci have not yet been mapped. The correlations" 
among the loci are unknown and arc irrelevant for our meth- 
odology. 

Sequence data for primers that allow many of these (and 
other) SSR loci to be assayed ;irc available at website http:.''' 
wivw.agron.mUsouri.eriu. All primers were designed to anneal 
and amplify under a single set of conditions for PCR in 10-u.l 
renctions. Genomic -DNA (10 ny} amplified in 1.5- rn.M 
MgCt, 50 n\M KCI. 10 nm Tris-Cl (pH S-3j using 0-3 'uniw 
AmpliTaq Gold D.N" A polymerase (PE Corporation) oli^onu' 
deotide primer pairs (one primer of each pair was fluores- 
ccntlv labeled) at 0. 17 and 0.2 tum dNTPs. This mixture 
*as incubated at 95^ for 10 min (hot Stiirt)- amplified using 
45 cycles of denaturntion ac 95* for 50 sec, annealing at 50 13 
for 30 sec. extension at 72° For 35 sec; and then terminated 
at 72* for 10 min. A water bath thermocyclcr manufactured 
at Pioneer Hi-Bred International was used for PGR reactions, 
PGR produce were prepared for electrophoresis by diluting 
3 n-1 of each product to a total of 27 u.1 using a combination 
of PCR produce generated from other loci for that same 
maize genotype (multiplexing) and/or dH20. Dilution of 1.5 
u.1 of this mixture to 5 uJ with gel loading rive was performed: 
it w*s then electrophoresed ac 1700 V for 1.5 hr on arrABI 
model 377 automated DNA .sequencer equipped with GENE- 
SCAN software v « 3,0 (PE'-Applied Biosystems, Foster City. CA) . 

PCR products were sized aucomaucally using the "local 
Southern" sizing ' algorithm (Ei.dk k and Southern 19ST). 
Afrer sizing of PCR products using GeneScan. alleles were 
assigned using Genorvpcr software (PE-Applied Biosys terns 1 ;. 
Generally, allele assignations For each locus were made on 
the basis of histogram plots consisting of 0.5-bp bins. Breaks 
between the histogram plots of >l^ip were generally consid- 
ered to constitute separation berween. aflele bins; however, 
other criteria, such as the presence of the nontemplate- 
direaed addition of adenine (-A addition) and naturally 
s occurring I -bp alleles, were itsed on a m a rkcr-by- marker basis 
to define the allele dictionan-. AJI allele* scores were made 
without knowing the identities of the maize genotypes. 



RESULTS 

Table 2 present* the probability of dvscst ancestry of 
the top five rcuikmg iuhi-cd line.'? for CAch of 5 hvbrid* 
at P = 0.30 (Table t>A» ;uk1 P - 0.99 ;Tablc l JB), Proba- 
biliucs of ancostfT are shown for all 54 hybrids and thr 
iop raiiUn;^ inhr^'iN :n Fi^'c o- 1 : P = 0.30 (Figure hn 
and P = 0.99 C^'i^na' Ihi R t >uks foe the hybrids pw- 
vf.-itcd in TahJt* - urv IV.'.tLire: i .n. the top of Figure t. 
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Fictkh. I. — (;u Prnh;ii)iliucs o£\u icotiy . .issu mi mlj !* * O.'O. :"or .ill 34 hvhiids *ind too ranking iiib»edi — 'h«>^_- wjih probability 
Ot\lIR-OSir\ Jf U-;t>f lf> ',t>i Probabilities of :m<:estrv. u^jinir.tf P - ^ nil 34 hybrids and ro[J i\;n inlji'ciL — those 
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Ftni/tn' 1. — Continual, 



Probabilirv of ancestry (log^) 



When thr -algorithm used P = 0,50. the two correct 
parenrs wri't* kleruiheri highest in proKibilirv tor 46 
(8^ r ;.'i hvhrirU f Figure P. F<u- r ,u h ni b hvhricN (:^>:>. 
3SPi)3. :>SR.">l! 1 4, and \0 4 ,M5Ai. i>:ir parr:u 

ranker! in tlit,' u»p tun plarev Hie uUu*: parent wr.s 

>upplan(t<"l ritiitT b\ .i vi>rrr t !ibr or! i h' I u an inh: ft I that 



was a direct progeny or thai parmt Overall, h'- 1 r*H c I i 
of 108 parental inbivds were correct lv ioVnrtfit'tl. For 
hybrids where ho:h parents ranked rir«c or r;i:nii. t!u 
range ot" probabilities Jmi parental lino i.h.:r i.mki-t ; hrst 
rVnm ;unon^ all orlirr uibreds runted from L.nnoi) to 
0 parental lint-v ranking second ranci d ['mm 
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1 ,nu(/(> u> n.itti'c'i. F* >f :*>"> hybrids, both parent.*, kid piob- 
iilit;il:cs til imcA-Miv in e*<A*ss of 1't obabililu «»l 

amcstiv t>»t* nonpa; r-nts that ranked in lh*t "i s cl <>nd 
pUo wm- I'ioiii O.0WJ to 0.7034. for die; majority, of 
,i tin - pi ■ jk.oiliu < A tl w rlut 1 1 .a .■ i : i i-i i*. ^ »l 
nortpurental i nbf ecl was iuor below E-Ob. This indicates 
tii.ti dare is usually very little uncertain^ about closest 
ancestors. 

When the algorithm used P ^ 0,99 to examine each 
of the 54 hvbrids. both parents were correctly ideiuified 
for 52 (IKrto) of hybrid* and for 98 % (102/104) of [he 
parents across all hybrids (Figure 1). Two hybrids (3914 
and X0915A), in which one parent was nor ranked in 
the top two. were also in the subset not ranked in the 
top two assuming P = 0.50 (above). In both case* their 
ranks improved (both to third rank) and the actual 
parent was supplanted by an inbred that was a direct 
progeny of ihe corresponding parental line. For 40 hy- 
brids, both parents had probabilities of" ancestry in ex- 
ec^ of 0,909, Among the 5 hybrid* hiding a parent 
ranking second with a probability of ancestry below 
0.999, the lowest of these probabilities vis 0.S97H and 
the highest probability for a third ranking noupareut 
was 0.1023. For most hybrids the probability for the 
third and highest ranked nonparental inbred was at or 
below £-10. 

Table 2 also addresses data analysis in circumstances 
where heterozygous loci occur in inbred lines or where 
a hybrid is scored for the presence of more than two 
alleles per locus. The presence of more than a single 
allele per locus in inbred lines is an infrequent occur- 
rence in well-maintained inbred development and seed 
increase programs but is possible because ~3-5 c o of 
loci can still be segregating and unintended pollination 
from genotypes not designated as parents of the hybrid 
can occur. For hybrids, more than two alleles per locus 
can be scored when DNA is extracted from a bulk of 
individual plants and because inbred parents are not 
homozygous due either to residual heterozygosity or to 

mnrnminnrion r>r because one or more direct parents 
of the hybrid are themselves hybrids. The presence of 
more than one allele per locus in an inbred line and 
more than twt> allele* per locus In a hybrid therefore 
can be accommodated by multiple runs of the algo- 
rithm, each with a random choice of two alleles per 
locus. Consequently, standard errors in the case of ana- 
lyzing dara from 193 loci tend to be very small becausc 
there were few loci where an inbred or hybrid sample 
(from a bulk <A individual plants) was scored for more 
than two alleles 

Marshall rttti. ( IWtti have drawn attention to errors 
that can be encountered in ^enoivplug suneys. These 
errors include mi-m^ data, null alleles, and typing ci- 
!-mvs. We therefore inseminated the robustness of tin 
al#>rithm hv examining ihe effects of modmc.ut. >u-v m 
me dara tor rive inhrirU i :U i T. :V. r >25. :W>o, ;M»lif>. and 



SOI'i;. First, wc rccha rd the number of S.SRs used, from 
the lull ^et of i°3 to j ' »* > and dieti to 50 \ Table l\c 
of :V> loc: generated ira.m reet rankings of one parent 
fur each of i^o hybr'aU i ;>4 I 7 and 3*J4(M and fur both 
p.i:v:it. J!-...- lv.b;;d -'W * . All of these ln-h/. 
ranked nonparental inbrcds were ciosely related to the: 
true parents for each of the respective hybrids: six diffe r- 
ent inbred lines were involved. Four were direct progeny 
of, the true parents (one with additional backcrosses 
from the true parent) and two were full sisters (from a 
cross of highly related inbrcds » of the nc:ual parent of 
the hybrid. Using 100 loci resulted in correct parental 
rankings for all hybrids except for 3905 where neither 
parent ranked in first or .second place. Four inbreds 
outranked the true parents of 3905. .All four nonparcnts 
were closely related to the respective true parents; three 
were direct progeny of die true parent of the hybrid 
(one with additional backcrossing to that parent) and 
one was a full sister of the true parent. Use of data from 
all 195 loci corrected tin- placement for one of the . t 
patents of hybrid 3905. Two inbreds than were nut par- 
ents of this hybrid remained ranked, more highly than ,, r 
one ok the true parents. Both were direct progeny of 
that parent, and one of these inbreds had additional 
backcrossing to that parent in its pedigree. 

-To address the consequences oflaboratory and other 
sources of error, we artificially compromised data qual- , 
icy bevond the level originally provided by eliminating 
specific proportions of alleles that had been scored (es- 
cablishing scenarios where various numbers of SSR al-.. 
leles were not scored) and bv misscoririg other alleles 
(establishing scenarios where various numbers of SSR 
alleles were scored incorrectly!. We also combined the 
scenarios of missing data and wrongly scored data. Table 
3 contains a summary of the results of . making these 
modifications in the data. For all modifications we used 
data from all SSR loci and we also randomly chose SSR 
loci to create subsets of 50 and 100 loci, In each case, 
the program was run 20 times for each hybrid /set of 
loci. When all 195 loci were examined, replications dif- 
fered only according to the particular choice of allele* 
Jar loci where more than two alleles had been scored. 

To evaluate robustness in the face of missing data or 
mistyped data, we simulated individual and combined 
categories of these data in the hybrid and all inbred 
lines at levels of % 5. 10. and 25" of the alleles for each 
of five hybrids and all inbreds bevond the level of error 
as onginallv scored by the laboratory. Weexammed the 
effects of these levels and apes ot error for three sizes 
nf database- 50 loci. 100 loci, and all 195 scored loci. 
The -ame rive hvbrUIs considered in Tabic 2 were investi- 
gated. :»417. 3525. 355ri. :W5. and .WO. One of these 
In bods C'S>05i was eh men bt- cause one of its parents 
did :iot rank among 'he top two places even when the 
ti-mpiete and unmodified dau bom all SS& loci were 

fc" xai:ipk-s of robusmr^ in ± t - i.xc of additional error 
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It .r h\<- h\ id* u>ing sublet* of .*>(> and 1 < " i ]< h i and all 
li.it aie shu'.u'i in fable a when- number ol parent-i 
Milking \i){< > r 1 M : top two pLicoiir r prorH'Ofl. Dr^rada- 
ru>;i m the pi etei erurai ranking of parent mbrcds at a 
U." ■ ! . .L _\V; a i U L L M .j.N^iii^ .L.'.l a o ^j/ai; fur one 

hybrid (33^5 J with usa;ge of 50. 100. or all SSR loci. 
Degradation in the prcterenti.J ranking of parent in- 
bred* at a level of 25 additional mkscored data was 
shown for hybrid 3336. When both additional levels of 
mining and misscored data were simulated, degradation 
in the ability to preferentially rank inbred parents oc- 
curred tor all hybrid* and for ail -sets of SSR (50, 100, 
and U>5 loci) except for hybrid 3417 when data from 
195 .SSR loci were used. Over all five hybrids, use of 100 
loci improved robustness from the use of 50 loci; use 
of 195 loci further improved robustness for four hybrids 
(3417, 3555, 3905, and 3940). The degree of improve- 
ment was small, except for hybrid 3905. 

We also ranked inbreds according to their probability 
of ancestry of hybrids when both parents and all inbred 
derivative* and full-sister inbreds of the respective in- 
bred parents for each hybrid were excluded from the 
analysis. The results are too voluminous to present here 
but can be summarized as follows: Using P = 0.50, a 
grandparent of each respective hybrid ranked into first 
place for 41 (76%) hvbrids: probabilities ranged from 
0.4976 to 1.0 and most were above 0.9999. Other classes 
of inbreds that ranked in first position for probability 
of ancestry were inbreds derived directly by pedigree 
from a grandparent of the respective hybrid (DCP) for 
12% of hybrids, inbreds derived directly by pedigree 
from a great-grandparent of the respective hybrid 
(DGGr) for $% of hybrids, and one class {2 c ~c of hy- 
brids) with an inbred ranked into first place that was 
directly related by pedigree to the grea [-great-grandpar- 
ent of that hybrid. Inbreds that ranked in .second posi- 
tion were related to the respective parents of the hybrid 
as follows: Th'i rev-one (5 T^o of hybrids) were a grandpar- 
ent of the respective hybrid, U were classed as 
DGP. 7 (V3%) were DGCP. 1 [2%) wa 3 clns* DGGGP, 
and 4 (7%) were a great-grandparent (GGP) of the 
respective hybrid. Over all hybrids, two of the four 
grandparents ranked into first and second positions for 
23 (43 % of hybrids); three grandparents ranked into 
the first three positions for 5 (9*7 of hvbrids). There 
were no instances where all four grandparents ranked 
into the hist four positions Thirty hybrids had a grand- 
parent ranked into first pos-iuon using P — 0.99. The 
number of grandparents ranked into thr top five posi- 
tions was 9.*> (compared to ll 1 ^ \*.i;rn /* ^ 0.50j. Tile 
number of grandparents ranking i:Ut» the top two posi- 
tions was 55 (compared to 7! when P ~ 0.30). The 
mean pcohabdbv of a gra: id:a.*:e -nt :iiai tanked into the 
fiiM tu.» position* was o.yl^S SI) - (),| |54 j when P — 
0.,"i() and (). ( :Wn (SI) - '> '>h'4. nheu /' 0.*>*). 



DISC L' SSI ON 

The prevah;!ti u>e of patern U\ indict dcm< :.i ;ni rates 

Lhar ii is ad\ ai ;iageou> to have explicit pmhabilnir*. of 

ance-ar distinguish among diffuren: pedigree**. Mm- 

k'suiai u:.n*ei pionk'* art: rapidly beeomu,; moieoN- 

ten.sive and cost effective to generate, features that would 

advance the statistical anahsis of molecular marker data 
• ,t ■ 

to provide explicit probabilities of ancestry include the 
ability to calculate probabilities of ancestry where there 
is no a prion information as to the identity ofu'ne ■usually 
the maternal) parent and robustness in the face of labo- 
ratory error. 

Mai^e inbred lines and hybrids provide a very exacting 
set of materials for evaluating the discriminatory abilities 
of molecular data and statistical procedures that are 
employed to interpret those "da ta. Hundreds of maize 
inbred lines of known pedigree together encompass a 
great diversity and complexity of pedigree relationship*. 
Some inbred lines can be very highly related and geneti- 
cally similar due to their derivation from common-par- 
entage including from parents that are themselves highly 
related. Consequently, relationship categories such as 
"sister* or "parent" when applied to maize inbreds usu- 
ally refer to closer degrees of pedigree relationship and, 
thus, of gcrmplasm and molecular marker profile simi- 
larity than those of the equivalent!} 1 - 'named clause* of 
relationship for animal species. Most maize hybrids that 
arc widely used in the United States loday are con- 
structed from pain of inbred lines that are unrelated 
by pedigree, each inbred parent having been'hred from 
a separate "pool" of germp las m. Various degree* of relat- 
ed ne&s are possible between hybrids according to the 
pedigree relationships among' their constituent inbred 
parents. 

Using P = 0.99 in the algorithm is more specific for 
identifying parents than using P = 0.30. However. P = 
0.99 is less robust for identifying other relatives, such 
as grandparents. When the algorithm was run at P = 
0.50 there were 6 hybrids for which one parent did not 
rank among me top two most probable genotypes, for 
the remaining 48 hybrids the correct parents were iden- 
tified even in circumstances where other candidate in- 
breds included not only full-sister lines bred from re- 
lated parents bur also inbreds even more closely related 
to the true parent by virtue of hcini* backcross conver- 
sions of the inbred parent of the hybrid. For each of 
die 6 hybrids where a uonparent ranked above a true 
parent, thai higher ranked inbred was a!*aav$ cither a 
sister or progeny of the outranked true parent. The 
range of pedigree relationship.** as e\prrvird bv trier 
Malecot coeffct ietu of velatedness (Maucot I94-S> that 
was en compared by pairs nf true parents and more 
higMv ranked inbred relaike* of the true parents wa\s 
from O.S;^.'*) u> o.*-ihsr>. A coet'ficicnr of u ;\'^' lt .ipuroxi- 
matc^ a relatHU^h.ip between inl>fVt! .v rift ,\ wliere 
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n ih: C( I A* has been bred 1 1 * Mil a v:'"" < »i I ^ t cds A and 

U V\illl bcUWCh lllll .lilt! J » i .uirilU' >t (A\ i).U K(.M;n>LS "1 

the parental inbred A. A \Uhcoh coeffti ii-nt of relation* 
dnp of O/JlirtO close!*- app' oxiinad a : e Uilu n;>lup be- 
tween inbreds A and A" whrrr four addhmnal back- 
crosses of pare-iiul nmrtd A tollou the initial cross ut 
inbreds A and B. 

Running the algorithm at P = 0.'J9 in comparison to 
P = 0.50 raises the probabiUiy ofuncesuy for the paretics 
while diminishing the probuhilitics Fur the ^ third and 
lo^cr ranking candidate inbred lines. L'^e of the algo- 
rithm iL P 0-99 increased both the percentage of 
hybrids with both parent ranked in the first rwo posi- 
tions (from 39 to \ and the percentage of parental 
inbreds that were ranked first and second (from 94 to 
9S%). Two hybrids (3914 and X0915A1 did not have 
both parents ranked first And second when the algo- 
rithm was run at P ~ 0.99. For both of these hybrids 
the nonparentnl inbred that outranked the true-parent 
was itself a product by pedigree from the true parent 
that had been created by an additional four backaches 
of time parent; the Malecoi coefficient of relnrionsn ip 
between the parent of the hybrid and the inbred chat 
outranked that pa rem for these rwo hybrids was 0.9636- 

Robustness was tested by evaluating die effects of us- 
ing data from different numbers of loci and by simulat- 
ing additional levels of missing and misscored data up 
to combined level* of L 25% error bevond that which was 
provided by the laboratory. From our experience, error 
rates of o to 10% can occur in SSR profiling of m;u7,e 
due chiefly to the combined effects of residual heterozy- 
gosity among .seed loti and by deficiencies in the scoring 
of he tero zygotes in hybrids. The additional levels of 
simulated error, therefore, include values (up to ^-35 
total error) that are well outside of our experience. For 
five hybrids that were examined, increasing the number 
of loci from 30 to LOO (with no additional missing or 
misscored data) did reduce the number of instances 
where inbreds that were not parents of a hybrid out- 
ranked the true parent from four 10 one- Nonetheless, 
all of these more highly ranked inbreds. although they 
were not themselves the true parents of the respective 
hvhrid. were either direct progeny or full listers of the 
true parent (Table 2). Consequently, if such degrees of 
error can be tolerated in respect of pedigrees for inbreds 
that are identified as parent of hybrids, then S$R data 
from 50 loci of equivalent discrimination ability arc 
sufficient. L se of dan From r i0 loci also evidenced ro- 
bustness in the face of up to 10 -r additional levels of 
either missing or misscored data: no degradation in the 
ability to identify a parent uo> .ipuaren: up r<> the level of 
\()% additional error except toi in'* additional missing 
and misscored alleles for i-m- hvhrid !.r>:VJ:V Tahlr a) 
HuWcvrr. use nf 1 00 l f '<-'i im ri:ased the piopmiiou of 
true parents that were coimiK identified tn>:n :VV,_ 
ffor iS* ► loci* u> T!'' MTtean corieet parents over all 



lo<'N (i| tit'of; 
pi* »\ idi.-f i ^\ eau ! 



lahiL- Lse of dala horn loci 
against ar Ldn ii m.d Jt vc!> of 



error. However, use of data from 1^') una wa.% unable lu 
pioude iL'siliL-iRy a;^ain>t the negative ei'lects of adding 
combined levels fur J5 f ~r/\ of both missing and misscored 
data (Table Si. At the 'J. J > c level of additional poor data 
integrity, inbreds that w-erc not related to tiie true parent 
of the hybrid outranked the true parent for four of the 
five hybrids. Levels of missing or misscored data should, 
therefore, be kept below 13--0 c b (assuming a level of 
3-10% error in the data we analyzed prior to simulating 
additional error). *' 
We have previously examined "the pedigrees of in- 
breds that are ranked into the fim cwo positions when ^ 
die true parents are removed from die lis t'of candidate 
inbred tines. Usually; direct progeny or Full sisters of 
uhe true parents then rank most highly (data not pre- 
sented} . We therefore examined the rankings of inbreds 
with respect to their ranking and probability of inclusion 
in the anccstrv of each hybrid after die removal, not 
only of die uue parents, but also of the* progeny of the 
true parents and any full sistets of the true parents:"!?! 
these circumstances rhe grandparents of the hybrids are 
ranked predominantly into 1 top positions. Using P - 
0.50. a grandparent ranked into first position for 76 C7 c 
hvbrids and into second position for 57%' hybrids; with 
P ~ 0.99 a grandparent ranked Into first place' in 56% 
of hybrids. At P = 0.50 rwo grandparents ranked into 
first and second positions for 43% hybrids and into the 
first three posidons for an additional 9% hybrids: 1 Most 
of the remaining inbreds that ranked into the top' two 
positions were progeny of the grandparent. A -fetal of 
103 grandparents ranked into the top five positions 
when P = 0.50; ranked into these. positions wheif P - 
0.99. Seventy-one grandparents ranked into the top two 
positions when P = 0.50, 55 grandparents ranked into 
these posidons when P ~ 0,'JU, The mean probability 
of a grandparent in the Lop two positions" was 0.923S 
(SD 0.1434* when P = 0.50 and 0.99^0 (SD 0.0104) 
when P = 0.99. Our algorithm was written to identify 
pairs of ancestors; alternative algorithms could be tai- 
lored to identify* all grandparents once parents had been 
identified and removed from-ifte list of candidate in- 
breds. 

We have demonstrated the capability and robustness 
of an algorithm that can be used to show -probability of 
parentage in circumstances where the u /men pedigree 
identity of neither parent is known. Exclusions are taken 
into account, therebv allowing parentage to be >h< >wn 
even when the two parents are nr>f. represented in the 
database of molecular profiles that are examined. Het- 
em/v^ous candidate parents can be accommodated. 
The number of loci rhai is nece.-ssan. io pr« -vide a reliable 
basis of determining pedigree is depemleni upon the 
derive of rel*atediif<s :imoiv^ parotM:, and noi-patrrirs 
an d i;pon the discrimimirurv ability or the markt-v >\Mem 
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in ihu >pcc!<^ u( ' :n[cT-t*st. L'^iii^ J i = computed u> 
P -= ('."0 yi\ k t c titiaiU iclLUtil'.L-il im.i - li - it; p.u t ius Attd 
with a greater cLrtti encc of prolxthitirv u> ;bird placed 

partMiu are arnon^ thtr cuiulkhitc list of mhrcds, tht;n 
/-> = O.yy shwuld used; it' gi cater robustness is rs- 
q;iirtd. then P » 0,50 should be used. 

Applications of oar algorithm include ;hc idendrka- 
Lion of pedigrees among individuals of plum or animal 
species where molecular profile datiseLs exist that can 
be interpreted in terms of segregating alleles at individ- 
ual marker loci and that provide a sufficient power of 
discrimination. Capabilities to generate larjje datascts 
of suitable motecuJax profile data are already available 
and are increasing rapidly with the advent of single 
nucleotide polymorphisms. One further application of 
our algorithm is to assist in the protection of intellectual 
property that is obtained on plant varieties or upon 
specific dams or sires of animals through the determina* 
tion of pedigrees. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Mark David Hoffbeck Date: February 28, 2003 

■ Serial No.: 09/759,762 Group Art Unit: 1638 

Filed: January 12, 2001 Examine?: David T. Fox 

For: "INBRED MAIZE LINE PH5W4" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. DINAKAR BHATTRAMAKKI 

Sir: 

I, Dinakar Bhattramakki, Ph.D., do hereby declare and say as follows: 

1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Plant Molecular 
Genetics from the University of Illinois at Urbana-Champaign. I have a Bachelor of Science 

degree in Agricultural Sciences from the University of Agricultural Sciences, Bangalore, India. 
Since 1997 I have been engaged in the analysis of molecular markers for plants. I have 
supervised the Molecular Marker Applications lab at Pioneer Hi-Bred International, Inc. from 
January 2002 until the present. 

2. I am familiar with the methods used in the analysis of Simple Sequence Repeat, SSR, 
marker data for inbred PH5W4 conducted at Pioneer Hi-Bred International, Inc. The analysis 
of the SSR profile of inbred PH5W4 may be accomplished without any undue 
experimentation. The SSR profile for inbred PH5W4 is attached hereto. 

3. Means of performing this genetic marker profile are well known in the art. SSRs are 
genetic markers based on polymorphisms in nucleotide sequences. The PGR™ detection of 
SSRs is accomplished by using two oligonucleotide primers flanking the polymorphic 
segment of DNA. Amplification is accomplished through repeated cycles of heat denaturation 
of the DNA followed by annealing of the primers to their complementary sequences at low 
temperatures, and extension of the annealed primers with DNA polymerase. 

4. Markers are scored following amplification and gel electrophoresis of the amplification 
products. Scoring of marker genotype is based on the size or weight of the amplified 
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fragment. While variation in the primer used or in laboratory procedures can affect the 
reported marker score, relative values remain constant regardless of the specific primer or 
laboratory used. 

5. Primers that may be used to identify the SSR markers reported herein are publicly 
available and may be found in the Maize DB on the World Wtde Web at 
agron.missouri.edu/maps.html (sponsored by the University of Missouri), in Sharopova et al. 
(Plant Mol. Biol. 48(5-6):463-4B1) and/or in Lee et al (Plant MoL Biol. 48(5-6); 45S461). 

Markers shown for PH5W4 are the publicly available markers in the sources listed above for 

***** - 

which PH5W4 was tested and shown to be homozygous; 

6. Map information is provided by bin number as reported in the Maize DB. The bin 
number digits to the left of decimal point typically represent the chromosome oh which such 
marker is located, and the digits to the right of the decimal typically represent the location on 
such chromosome. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements'^ the like are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. /^\ 

GmJ 

Date: February 28, 2003 By: -P^AA^ 

Dinakar Bhattramakki 
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Public Name of PH5W4 . 
Marker Bln# base pairs 

phi427913 



1.01 129.38 
1,01 131.78 



bnlg1014 
phi056 
bnlg1083 
bnlg1127 
bnlg1953 
bnlg1429 
bnlg1627 
phil 09275 
phi339017 
bnlg1203 
bn!g1484 
bnlg2086 
bnlg1832 
bnlg1886 
bnlg!057 
bnlg1041 
bnlg1615 
bnlg1556 
phi335539 
phi423298 
phi002 
bnlg1331 
phi011 

phi308707 

phi227562 

phi265454 

phi064 

phi402893 

phi96100 

bnlg1017 

bnlg2277 

bnlg1064 

bnlg1018 

bnlg1909 

bnlg1138 

bnlg1396 

bnlg1831 

phi251315 

phi328189 

phi427434 2.08 130.91 



101 255.30 

102 22186 
102 114.36 
102 25190 
102 204.64 

102 202.70 

103 126.31 
103 145.56 
103 308,35 

103 135.90 

104 217,79 

105 215.70 

105 145.64 

106 276.47 
106 194.58 

106 21196 

107 201.94 

108 88.58 
108 . 133.68 

108 73.53 

109 12103 

109 226.98 

110 131.11 
1.11 306,93 
1.11 234.33 

111 94.65 

2.00 "218.34 

2.01 293.37 

2.02 195.57 

2.02 292.29 

2.03 190.27 

2.04 126.05 

205 30589 

206 222.14 
2.06 136.79 

2.06 193.90 

2.07 123.79 

2.08 115.47 



phi435417 
bnlg1141 
bnlg1940 
phi127 



2.08 217.99 

2.08 152.92 

208 214.68 

2.03 109.62 
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2.09 


285.85 


rlhi101fl4Q 


2.10 


234.30 


nhizm?191 


3.00 


223.43 


nhi104127 

pi II I U1 1 £. 1 


3.01 


162.19 




3.01 


303.14 


nhi1<tt995 


3.02 


136.71 


Drily l t *t*f 


3 02 


134.58 


Drug i oh/ 


^ 02 


137.52 


on ig i ozo 




264 89 


Driigiuiy 




1^ 09 


Dnly l^tDZ 




125.59 


Dnigiu35 


o.up 


101 nfi 


pniotw 




171 fift 


pnf luzzzo 


O. L/vJ 


126 84 


bnigHoO 


O.UO 




bnlgl95i 




191 19 


bnlg2241 


O Aft 


149 fi^ 


phi072 


/l fin 




phi213984 




9fl4 RO 


pni29545Q 


ji ni 




bnlg1162 


4.UO 


Q9 


phl30809O 


A HA 


91A fvd 


phi096 


4.W 




bn'g1159 




1J.7 A1 
I**/ .0 i 


Dnigi75o 


*t.U3 


940 07 


Dnigiyo' 




997 Ifi 


bnlgl265 




99^ 71 


pniO/ 9 


a o* 


177 74 


bnlglloy 


yl H7 


1^1 Sfi 


Dnigzi£44 


4 OR 


199.58 


Dnly iUUO 


* on 


99Q 38 


pni^yo ]q\j 


5 02 


298.12 


pn 1 l Us i oo 


503 


161.52 


uniyouo 


5.04 


151.67 


nhi^lftftft 

pilUO I OtfO 


5.04 


13072 
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Attorney Docket No. 1330 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Mark David Hoffbeck Date: Dec. 1 0, 2002 

Serial No.: 09/759,762 Group Art Unit: 1638 

Filed: January 12, 2001 Examiner: David T. Fox 

For: "INBRED MAIZE LINE PH5W4" 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

RULE 132 DECLARATION 
OF 

DR. STEPHEN SMITH 

Sir: 

I, Stephen Smith, PhD M do hereby declare and say as follows: 
1 . I am skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematica and Taxonomy of Maize and its Wild Relatives from Birmingham University. 
I have a M.Sc. in the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from 
London University. Since 1977 I have been engaged In the development, study and 
application of molecular markers to genetics, measuring genetic diversity and tracking 
pedigrees. I commenced this work at North Carolina State University as a post-doctoral 
research fellow. I have continued my engagement in these studies during my 
employment by Pioneer Hi-Bred from 1980 until the present. These studies have 
resulted in numerous scientific articles that have appeared in peer revised scientific 
literature. 

2„ I have read and understood the Office Action in the above case dated October 
30, 2002. This declaration is in response to the Examiner's rejection under, 35 LLS.C. § 
102(e) as anticipated by or, in the alternative, under 35 U.S.C. § 103(a) as obvious over 
Krier (U.S. Patent No. 5,731,503). 

3. I have conducted an analysis of SSR marker data for inbred PH5W4 and the 
inbred cited as prior art, NP948. Out of a total of 80 SSR loci examined, which allowed a 
sampling of each chromosome, there are 47 markers that show differences between 
PH5W4 and NP948. This represents a difference for 59% for the markers tested. Of 
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these 47 markers. 23 were greater than 50 CM ,n distance, or unlinked on .he genetic 

T' Upon crossing PH5W4 to any other maize line and selfing successive f lial 
generations, one would within the realm of what ,s statically possible, ob* a progeny 
nored maize line that retains genetic contribution torn PH5W4. Assuming that (I) *e 
cited prior art is used as the maize line to which PH5W4 is crossed, (■)*« the on* 
*JL between PH5W4 and NP948 are these 47 markers, and (,,,„ha, ai, marked 
within a SO cm distance will segregate together, then the odds df obta,n ; n, a PH5W4 _ 
progeny inbred the, is ft. same as NP948 after one cy* o, breeds. «2 or, ,n 
8,388.608. MU) K is extremely untikely W a PH5W4 progeny, after one cyde 
breedina would be the same as NP948. 

5 Further me assumes made above vastly overstate the likelihood o, breeding 

PH5W4 from NP948. For example, it is common prec.ce in quantise *"*»«• 

det ermine me relation of plants by differences In markers. In doing so, » 

W a percent difference in markers is indicate of a difference in*e ^ genome. 

Tcassu meUl atVneon,ydifferencesbetweenPH5W4andNP 9 48arefor.hese47 

markers when 47 markers constitute 59% of the 80 SSR loci examined, ,s a gross and 
"liicassum^on. Further the current maize genetic map only ^ 3S ^^™*'^^'* 
sixty 50cM unto, so by applying this limitation the maximum number o, Mp. dently 
segregating loci one coukt obtain, using ft. n»s, different maize lines that could ever be 
ZT* L These assumptions resui. in an over estate cf the ddds of breeding 

rrnl'Lnce in moiecula, markers between PH5W4 and N PS48, i, * my 

expert opinion that PH5W4 and NP948 are ve* «M — s. 

opLn that. -in the realm o, what is statistically possible, any progeny o, PH W4 

developed through crossing PH5W4 with another plant will be distinct 

Oiven the facte and based on my educate and sc«n«c experience. I e^ve U 

invent as daimed is not obvious nor ***** by Krier (U.S. Patent 

7 I hereby declare that'all statemente made herein of my own knowledge are true 

and tha, all statements made on information and befef are believed to be true, and 

further tha, these statements were made with the knowledge that w«u, fatee s— 

and the like are punishable by r« or .mprisonmen, o, both, under Section ,001 ofTibe 

1 8 of the United States Code and tha, such willful false statements may .eopard.ze the 

validity of the application or any patent issued thereon. 
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Sir: 
1 



I Stephen Smith, PhD., do hereby declare and say as follows: 
lam skilled in the art of the field of the invention. I have a Ph.D. in Biochemical 
Systematic* and Taxonomy of Maize and its Wild Relatives from Birmingham University. I 
have a M Sc in the Conservation and Utilization of Plant Genetic Resources from 
Birmingham University. I have a Bachelor of Science degree in Plant Sciences from' London 
University. Since 1977 I have been engaged in the development, study and appl.cat.on of 
molecular markers to genetics, measuring genetic diversity and tracking pedigrees. I 
commenced this work at North Carolina State University as a post-doctoral research fellow. I 
have continued my engagement in these studies during my employment by Pioneer H,-Bred 
from 1980 until the present. These studies have resulted in numerous scientific.articles that 
have appeared in peer reviewed scientific literature. 

2. I have read and understood the Office Action in the above case dated October 30, 
2002 This declaration is in response to the Examiner's rejection under, 35 U.S.C. § 1 12, first 
paragraph, as containing subject matter which was not described in the specification in such 
a way as to reasonably convey to one skilled in the relevant art that the inventor(s), at the 
time the application was filed, had possession of the claimed invention. 
3 | have conducted an analysis of Simple Sequence Repeat, SSR, marker data for base 
inbred PH5W4 and three backcross conversions of PH5W4. The traits backcrossed into 
each backcross conversion of PH5W4 were, respectively, male sterility, waxy starch, and 
herbicide resistance. 
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4. The SSR data for 457 base inbreds and 1 03 backcross conversion inbreds, including 
PH5W4 and the three backcross conversions were used in the analysis. The number of SSR 
markers for each inbred used in the analysis was between 15 and 87 (mean of 82 ). The 
analysis was done as specified in the publication by Berry et al. ("Assessing Probability of 
Ancestry Using Simple Sequence Repeat Profiles: Applications to Maize Hybrids and 
inbreds" Genetics 161:813*24, 2002), with modification as described in Befry et al., ( 2003 ); 
Assessing Probability of Ancestry Using SSR Profiles: Application to maize inbred lines and ~ 
soybean varieties. Genetics (in review), a copy of which is attached hereto. 

5. The results of the analysis indicated that through the use of SSR markers PH5W4 
was identified to be the recurrent parent of each of the three backcross conversions of 
PH5W4 over all the other inbreds in the data set. The probability associated with the 
identification of PH5W4 as the recurrent parent of each backcross conversion was calculated 
as 0.99 and higher in each case. 

6. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements'and the like are 
punishable by fine or imprisonment, or both, under Section 1 001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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ABSTRACT 

Determining parentage is a fundamental problem in biology and in applications such as 
identifying pedigrees Difficulties inferring parentage derive from extensive inbreeding within 
the population, whether natural or planned; using an insufficient number of hypervariable loci; 
and from allele mis-matches caused by mutation or by laboratory errors that generate false 
exclusions. Many studies of parentage have been limited to comparisons of small numbers of 
specific parent-progeny triplets. There have been few large-scale surveys of candidates in which 
there is no prior knowledge of parentage. We present an algorithm that determines the 
probability of parentage in circumstances where there is no prior knowledge of pedigree and 
which is robust in the face of missing data and mis-typed data. The focus is parentage of an 
inbred line having uncertain ancestry. The algorithm is a variation of a previously published 
hybrid-focused algorithm. We describe the algorithm and demonstrate its performance in 
determining parentage of 43 inbred varieties of soybean that have been profiled using 236' SSR 
loci and from seven inbred varieties of maize that were profiled using 70 SSR loci. We include 
simulations of additional levels of rmssing and mis-typed data to show the algorithm's utility and 
flexibility. 
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The determination of parentage using molecular marker data has been little addressed for 
situations where there is little or no prior knowledge of parentage, or when large-scale surveys 
involving numerous candidate parents are required. Consequently, we have recently developed 
an algorithm and demonstrated its use in determining probability of parentage for hybrids in 
circumstances where there is no prior knowledge o f pedigree and which is robust in the face of 
missing or mis-typed data (Berry et at. 2002). We now present a variation of this algorithm that 
allows determination of parentage for inbred lines or homozygous varieties. 

We describe and evaluate a methodology that quantifies the probability of parentage of 
homozygous genotypes. Our algorithm takes into account that generations of self-pollination 
occur after the initial parental cross. The number of generations and the initial parental genotypes 
are unknown. Each generation of inbreeding reduces the number of heterozygous loci in the 
progeny by an average of 50%. Thus, each of the inbred progeny individuals resulting from the 
initial parental cross will have lost approximately half of the parental alleles for loci where the • ■ 
inbred parents were fixed for alternate alleles and which were heterozygous in the Fl generation. 

The loss of parental alleles during the inbreeding phase is in contrast to the case of a hybrid 
progeny. An inbred progeny individual will exhibit a lower level of allelic similarity to either of 
its inbred parents than a hybrid progeny will to its inbred parents. This loss of some parental 
alleles during inbreeding might be expected to make an inbred algorithm less robust in the face 
of missing or mis-typed data compared with the hybrid algorithm that has been previously 
described (Berry et al. 2002). We therefore demonstrate the effectiveness and robustness of the 
inbred algorithm using examples from two species of cultivated plants. We first tested the 
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algorithm using varieties of the naturally self-pollinatvng, inbred crop, soybean [Glycine max. 
(L.) Merr\ This crop was selected because numerous varieties of soybean with known pedigrees 
were available to us, many of which are closely related. We also used publicly bred inbrcds of 
maize (Zea mays L.) that are of known pedigree. Maize is naturally an outcrossing species but 
inbred lines are most usually generated for use as parents of commercial hybrids. Inbred lines are • 
generated by making successive generations of self-pollination following the initial bi-parental 
cross. 

MATERIALS AND METHODS 

Algorithm: The algorithm is a variation of the hybrid version of Berry et ai (2002). Consider an 
index inbred whose parentage is unknown or in dispute. A database containing possible inbred 
ancestors is available. The objective is to find the probabilities of closest ancestry for each inbred 
in the database using genotypic information from a large number of SSRs. 

Consider a pair of possible ancestors, inbred i and inbred./. We calculate the probability that 
inbreds / and J are in the index's ancestry, repeating this for all pairs of inbreds in the database. 
Let P(i,j\SSRs) stand for the posterior probability that i andj are ancestors of the index given the 
information from the various SSRs. Let P(iJ) stand for the unconditional (or prior) probability of 
the same event and let P(SSRs\iJ) be the probability of observing the various SSR results if in 
fact i and; are ancestors of the index. Just as in Berry et al. (2002), Bayes' rule relates these 
various probabilities: 
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P(i,j\SSRs) = P{SSRs\i,jyP{i,j) I a^lnvWv)), 



where the sum in the denominator is over all pairs of inbreds in the datable, indexed by u and v. 
We need to calculate P(SSRs\i.j) for each i and j. We will make the "no-prior-information" 
assumption that P(i,j) is the same for all pairs (ij). Then P(u, v) is a common multiple in the 
denominator that cancels with P{i.j) in the numerator: 

P{iJ\SSRs) = P(SSRs\iJ) I YJ>{SSRs\u,v). 

The problem is to calculate a typical P{SSRs\i.j) } the probability of observing the indexes SSRs 
assuming inbreds i and j are both ancestors. The nature of breeding before-the self-pollination 
process is unknown. Since the creation of an inbred proceeds by multiple generation s of self- 
pollination on a hybrid, we label the (unknown) hybrid used to create the (known) index inbred 
as the intermediate hybrid. When the intermediate hybrid is an immcdiate descendent of i andy, 
it receives one of inbred i*s alleles and one of inbred/s alleles. Whenthe intermediate hybrid is 
a second generation descendent of i and/, it receives one allele from each with probability 0.5. 
Arid so on. Since degree of ancestry (if any) is unknown, we label the actual probability of 
passing on one of these alleles to the intermediate hybrid to be p. As in Berry et al. (2002) we 
consider;? = 0.50 and p = 0.99 and here we also consider the intermediate value p = 0.75. 

When inbreds / and j are ancestors then there are four possibilities: (1) the alleles of both / andj 
passed to the intermediate hybrid, (2) i came through but noty, (3)./ came through but not i 
d (4) neither came through. Assuming independence, these have respective probabilities p , 
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p{\-p),p(\-p), {l-pf. An allele in the intermediate hybrid's genotype that did not arise from 
either inbred i or inbred j is assumed to be selected with probability 1 In, where n is the total 
number of alleles at the SSR in question. So far the steps wc have described are identical to those 
for identifying the ancestors of a hybrid described by Berry et al. (2002)jLnd, in fact, if the index 
is heterozygous at an SSR then calculations proceed just as for hybrids. Calculations are 
substantially different when the index inbred is homozygous, say genotype aa. Cases that must 
be considered are shown in Table 1, where x is any allele different from a (but not missing). All 
alleles other than a can be grouped because only a appears in the index's genotype. For example, 
xx might be be or bd or bb. 



P(SSR\iJ) is the probability of observing the index assuming inbreds / andy are ancestors. The 
calculations for SSRs 1 to 6 are showrr-in Table 2, where the four terms'in each case are in order 
of (1), (2), (3), (4) defined in the previous paragraph. Missing alleles are not considered in the 
examples above. The number of possibilities is large. Here we consider only the case m which 
inbred i is aa and both alleles of inbred j are missing. Then 

P(SSR\i,j) - p 2 (l/2+J/2*l/n) + p(l-p)(l/2+lM*l/2) + p(l-p)(l/n) + (l~p) 2 (l/n)< 

Another possibility not considered above is that more than two alleleS'can be observed for an SSR - 
marker run on individual DNA sample. This can be due to SSR locus duplication, homology "due to 
allopioidy, more than one individual plant being sampled for DNA extraction or cross-contamination. In 
this case we consider all possible pairings of the observed alleles and calculate using a multiple 
imputation procedure (Little and Rubin, 1 9S7). 
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To find the overall P(SSRs\i,J), multiply the individual P{SSR\ij) over the various SSRs. To 
determine the probability that any particular inbred, say inbred i, is the closest ancestor of the 
index, sum P(SSR\i, v) over all inbreds y with v rf. Call this i>(i|5m). The maximum of * ' 
POlSS/ty) for any inbred z is 1 . But since there is one closest ancestor on each side"of the family, 
the sum ofP(i\SSRs) over all inbreds i is 2. 

SSR data: Soybean DNA was extracted from 490 varieties, all of which were bred in, and are 
adapted to, the United States. Plant material for DNA extraction was sampled from six plantskrf 
each variety. Most of the varieties are proprietary products of Pioneer Hi-Bred International. 
Several (non-patented) commercial varieties from other breeding companies and some important 
publicly bred varieties were also included. Procedures for obtaining SSR data from soybean were 
identical to those described for maize.by Berry et al. (2002) apart from the following 
modifications: PCR products with different size ranges and labeled with different fluorochromes 
were pooled and diluted 1 :9 with capillary electrophoresis buffer (Applied Biosystems) then 1 :4 
with dH20. 1.5ul of pooled DNA were added to lOul formamide containing the molecular weight 
size standard 400HD ROX (Applied Biosystems, ROX = 6-carboxy-X-rhodamine). Fragment 
separation was performed using capillary electrophoresis on an ABI3700 platform (Applied 
Biosystems), with an injection time of 10 sec at 10,000 V and a run time of 4,000 sec at 7,500 V. 
Forty-three soybean varieties that had both of their parent varieties also included in the dataset 
were assigned as index varieties. One to two and occasionally three grandparent varieties of . 
several of the index varieties were also included in the dataset. These varieties collectively 
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represent a broad array of diversity of soybean gcrmplasm that is currently grown in the United 
States. 

Two hundred and .thirty-six publicly available soybean SSR markers 

(http://soybase.agron.iastate.edu/) were used to demonstrate and evaluate the algorithm. These - 

SSR markers were selected following initial screens on a subset of 24 soybean varieties in which 
they were tested for amplification and the ability to detect polymorphism. The 236 markers-gave 
good genome coverage and collectively mapped across each of the chromosomal linkage groups 
of soybean. 

All allele scores were made without knowing the identities of the soybean genotypes. 

Maize SSR data using 70 loci were previously reported by Senior et al. (1998) and were obtained . - 
directly from the first author. This publication (Senior et al. 1998) cites an array of 94 
historically important publicly bred lines that have well known and well established pedigrees. 
This array of public inbreds includes seven inbreds (A632, A634, Mol7, Pa91, Va35, Va99 add 
W64A) that each have SSR profiles for their parental lines included in the same dataset. Three of 
these inbreds were developed from a breeding cross of two unrelated parents. These are: Mol 7 - 
which was bred from the cross of C.I. 187-2 x C103; Va99, which was bred from the cross 
Oh07B x Pa91 ; and W64A which was bred from the cross of WF9 x C.I. 187-2. Other inbred 
progeny had more complex ped^ees. One inbred (Va35) was bred from the cross C103 x T8 • 
following an additional cross of T8 as the recurrent parent. Two inbreds (A632 and A634) were 
bred from the cross Mt42 x B14 following addit.onal crosses of B14 as the recurrent parent. 
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Pa91 was bred from a complex cross involving four inbreds (WF9 x Oh40B) and (38-11 x 
L3 17). These seven progeny inbreds therefore provided an index set of maize inbreds for 
evaluation of the inbred algorithm. 

RESULTS * 

Data quality: The soybean SSR data that were used to evaluate the algorithm had a mean of 
5.5% (range 0-19% loci) missing data per variety. For parent-progeny triplets, there was a mean 
of 1.1% loci (range 0-5%) where a progeny profile was scored for an allele that was not 
represented by either of the seed sources that represented the parents. The maize SSR data had' a ' 
mean of 0.7% missing data (only three genotypes had missing data; -these were at elevated levels 
of 5%, 9%, and 36%). A mean of 6.4% parent/progeny triplets (range 4-7%) had SSR progeny 
profiles that did not share an allele with either of the seed sources that were available to represent 
the original parental genotypes. 

Probability of ancestry applied to soybean data: Figures 1 and 2 present the probabilities of 
closest ancestry of tie top ranking'vanehes for each of 43 soybean varieties using data from 236 
marker loci at/? = 0.50 (Fig 1) and at/? = 0.99 (Fig 2). - 

When the algorithm was used atp - 0.5 with data from all 236 loci (Fig 1), then 24/43 (56%) of 
. index varieties had both parents correctly identified in the top two ranked positions, 12/43 (28%) 
had one parent correctly placed in one of the top two positions, and 7/43 (16%) had none of the 
ial parents assigned into the top two ranked positions. Thus, when/? = 0.5 was used, 60/86 
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(70%) of actual parental varieties were correctly ranked in the top two positions and 26/86 (30%) 
were incorrectly placed in lower positions. 

When the algorithm was used alp = 0.75 with data from all 236 loci (data not shown), 28/43 
(65%) of index varieties had both parents correctly identified in the top two rankda positions, 
1 1/43 (26%) had one parent correctly placed in one of the top two positions, and'4/43 (9%) had 
none of the actual parents assigned into the top two ranked positions. Therefore, when/? = 0.75 
was used, 67/86 (78%) of the actual parental varieties were correctly ranked in the top two 
positions and 19/86 (22%) were incorrectly placed in lower positions. 

When the algorithm was used at/j - 0-99 with data from all 236 lou (Fig 2), then 33/43 (77%) of 
actual parental varieties were correctly ranked in the top two positions and 10/86 (23%) had one 
parent correctly placed; all index varieties had at least one parent ranked in the top two positions 
when the algorithm was used atp = 0.99. With p used at 0.99 then 76/86'(S8%) of actual parental 
varieties were correctly assigned; 10/86 (12%) were incorrectly assigned. 

Table 3 presents the rankings, probabilities, and pedigrees of varieties that were incorrectly 
assigned above a true parent. The largest pedigree class (41% of cases where a-non-parent ranked 
above a true parent) of non-parents ranking higher than parents was for varieties that are 
derivatives of the parent that was misplaced at a lower ranking. The equa^secSnd largest classes 
(each representing 14% of the cases) were for varieties that we're (a) full'sibs of-the true but 
misplaced parent and (b) full sibs of a grandparent of the variety for which the pedigree was 
being tested. Other categories (percent of cases in parentheses) were: multiple backcross versions 
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of the misplaced parent (7%), a derivative of the variety or which the pedigree was being tested 
(7%), a half-sib of the true but lower ranked parent (7%), a full sib of the variety for which the 
pedigree was being tested (3%), and a half-sib of the variety for which the pedigree was being 
tested (3%). Insufficiently detailed pedigree information is available to categorize one variety 
(3% of cases) that ranked above the true parent ... - ^ 

Robustness: The quality of soybean SSR data as received from the laboratory, in terms of 
missing data and apparently non-Mcndelian parent-progeny triplets, have already been presented. 
Taking these data as an initial starting point, additional levels of missing and mis-typed data 
were created by simulations and used to explore robustness of the algorithm. 

SSR data for five index soybean varieties were used to determine the robustness of the algorithm. 
Subsets of data were created that included parameters of reduced numbers of loci, additional 
levels of missing data, additional levels of mis-typed data, and various combinations of these 
parameters. Simulated levels of missing and mis-typed data were created with a first pass " ■ - 
creating missing data, followed by a second pass creating mis-typed data. Therefore, for - • 
example, the maximum level of cumulative error from simulated missing and mis-typed data was 
from 36 to 40%. Five varieties were chosen to represent a range of diversity in respect of both 
pedigree and SSR profiles. Four varieties had no parents or grandparents in common and one 
pair of varieties was related by a common parent. All varieties had parents ranked in the top two 
positions when the algorithm was run alp = 0.75 and p - 0.99. This selection or varieties 
therefore provides a means to establish lower boundaries for both the quantity and quality of 
SSR data that are required to avoid aberrant results. 
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Table 4 presents the probability of ancestry of the top five ranked varieties for each of five 
selected soybean index varieties (93B1 1 , A7986. P9443, S38T8 and Young) when the algorithm 
is run using different numbers of SSR marker loci (50, 100, 150 and 236) at each of two levels of 
p (0.5 and 0.99). Using p - 0.5, the lowest percentage of parents (60%) that were correctly 
ranked into the top two positions corresponded to using only 50 SSR. Increasing the number of 
loci to 100 or 150 or 236 increased the ability to identify the actual parents to about 90%. When 
p was used at a level of 0.99 all parents were correctly ranked into the top two positions for each 
of the five varieties when data from as few as 50 SSR loci were used. 

Table 5 summarizes other aspects of robustness. Namely, we simulated additional levels of 
missing, mis-typed and missing plus mis-typed data, beyond those that were inherent in the data 
as provided by the laboratory. When p was used at a level of 0.5, robustness was geherally 
maintained up to an additional level of 20% simulated missing data, so long as data 'from 100 of 
more loci were used. Similarly, robustness was maintained for up to 20% additional mis-typed 
data so long as data from 100 or more loci were used. Likewise, robustness was maintained with 
up to 18 to 20% additional levels of data error including both missing and mis-typed data, so 
long as data from 1 50 or more loci were us"ed:Using data for all 236 loci provided a higher level 
of robustness, but even then robustness collapsed when 36 to 40% cumulative additional error 
from missing and mistyped data were simulated into the analysis. The overall level of correct 
assignation of parent varieties was higher when p was used at a level of 0.99 All parents then 
were correctly identified, even when data from only 50 loci were used up to an additional level 
of 10% missing data. When data from 100 or more loci were used then all parents were correctly 
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identified with up to 20% additional missing data. Robustness started to decline when the 

algorithm was applied with 10% additional mis-typed data when data from 150 or fewer SSR 

loci were used. However, robustness was maintained for up to 20% additional mis-typed data 

when data from 236 SSR loci were used. When additional levels of both incorrect data were 

applied then robustness was maintained at levels of up to 1 0% missing plus 1 0% mis-typed data :* • 

so long as data from at least 150 SSR loci were used. Robustness was compromised when 

additional simulations of 20% missing plus 20% mis-typed data wereapplied even when data 

from all 236 SSR loci were used. 

We then investigated the relationships of varieties to the index genotype whose pedigree was 
under examinati on by rerunning the analysis after both parents of the index genotype had been • 
removed from the analysis. Fifteen varieties that had two or more of their grandparents profiled 
in the dataset were used for this examination. After removing parents, direct pedigreed 
derivatives of the index genotype ranked first for P9583, in the first three places for A2943 and 
in the first six places for P9561. Once all parents and derivatives of the index genotype had been 
removed from the analysis then the following results were obtained. Predominant classes of 
varieties ranking in the top five positions were (percent of cases in parentheses): derivatives of 
the grandparent of the index variety (32%), grandparents of the index variety (16%), derivatives 
of the parents of the index variety (16%), and half-sibs of the index variety (13%). Grandparents 
ranked among the first four positions for 10 varieties and were in the first place for five varieties. 
Great-grandparents ranked within the first seven places for three varieties, and a great-great- 
grandparent ranked in eighth place for one variety. Other varieties that ranked in the first place 
were usually closely related to the variety whose pedigree was under examination; rull-sibs and 
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half-sibs were the predominant classes of relatives other than grandparents in the fust ranking 
position after parents and direct derivatives of the variety under examination had been removed. 

Probability of ancestry applied to corn data: The seven index inbreds of maize were selected 
because they represented all of the inbred lines published upon by Senior et al. (1998) that had 
all of their inbred parents also included in the SSR dataset. All of the inbred 1 lines published by 
Senior et al. (1 993) have well known and well established pedigrees that are fully provided by 
those authors. 

Table 6 presents probabilities of ancestry for the top five ranked inbreds for eachof the seven 
index inbred lines at two levels of p (0.5 and 0.99). For the three progeny that were bred from 
single crosses without any subsequent use of one of the parents to make a recurrent cross prior to 
inbreeding (Mol7, Va99, and W64A) then use of the algorithm at either p = 0.5 or at p = 0.99 
resulted in the parental inbreds being ranked in first and second positions. Use of the algorithm at 
p = 0.99 provided greater discrimination for probabilities of ancestry that were assigned to actual 
parents compared to highest ranking non-parents. This was most noticeable for the case of inbred 
Va99 which had a relatively low value when used at p = 0.5 for parent 2 (0 5221) compared to 
parent 1 (0.9999) or to the third ranked inbred (and non-parent), Va22 (0.4252). In contrast, 
when the program was run at p = 0.99 then parent 1 and parent2 for Va99 had probabilities of 1 
and 0.9&55, respectively, with the probability of the third ranked inbred-being 0.0131. 

For each of the three progeny inbreds that originated from breeding schemes that involved one or 
more additional crosses of one of their parents, using the algorithm at/? - 0 5 resulted in 
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placement of the respective recurrent parent with the highest probability of ancestry. Racing the 
level of/7 to 0.99 resulted in both parents (B14 = recurrent parent and MT42 the non-recurrent 
parent) of the index inbred A632 being ranked in the top two places. Using this level oTp also 
caused a higher ranking (third position) for the non-recurrent parent (MT42) of index inbred 
A634. Use ofp at 0.99 did not cause the non-recurrent parent (C103) of index inbred (Va35) to 
rank into the top five places. ' 

For the index inbred (Pa91) that was bred from a more complex cross involving four inbred 
lines, the use ofp at 0.5 or at 0.99 resulted in the two parents (WF9 and Oh40B) being ranked in 
second and third places; highest ranked was inbred Va99 (Va99 is denved from the index inbred 
Pa9l). Neither of the two remaining parents of Pa91 ranked in the top five-places. 



@056 



DISCUSSION 



The current widely used North American soybean varieties are founded upon' a relatively narrow 
genetic base of diversity. Gizlice et al. (1994) document that the U. S. soybean germplasm base 
is founded upon 20 plant introductions and that subsequent breeding has made repeated use of 
related parents. Molecular marker comparisons of elite U. S. soybean varieties-compared to a 
sample of exotic varieties reinforce the conclusion that there is a relative paucity of genetic 
variation inU. S. soybeans. Narvel et al. (2000) have shown that the-number of alleles detected 
among the exotics was 30% greater than among U. S. varieties. Thompson and Nelsorr(l 998) ■ 
report that very little exotic germplasm has been incorporated into the existing TJ. S. soybean 
germplasm base. Examining all pairs of pedigree relationships among the 490 soybean varieties 
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employed in this study showed that approximately 50% of pairwise relationships are related at 
the level of half-sib or closer; approximately 10% of pairs are related at the level of full-sib or 
closer. This set of soybean varieties therefore provides the basis for an extremely rigorous 
evaluation of the ability of SSR data to distinguish between varieties and of this algorithm to 
identify pedigrees. Pedigree breeding, including the use of related parents, is also commonly- 
applied in the breeding of maize inbred lines. The set of maize inbreds used 'here thus also 
provides a meaningful evaluation of the marker data to discriminate among inbred lines arid of 
the joint ability of the algorithm and of the marker data to allow a determination of inbred 
pedigrees. 

Use of the algorithm at/? = 0.99 rather than at a lower level improved performance in terms of 
the percentage of correct assignations of parents and provided a greater statistical differential for 
probabilities for parents in comparison to the highest ranking non-parents. Use of the algorithm 
atp = 0.99 is more appropriate when it is known that the actual parents of the variety under •> 
examination are included among the set of index varieties. If it is not known that the parents are 
included in the index set then use of the algorithm at/? = 0.5 is more justified (Berry et al. 2002).- 
For the soybean varieties, when p was used at 0.99, then 77% of all varieties that were queried 
for their parents had both parents correctly identified. Eight-eight percent of soybean parents 
were correctly identified across 43 index varieties that were queried for their parents. All 
varieties (with the possible exception of one variety where detailed pedigree information was not 
available) that ranked above true parents were related either to the mis-ranked parent or to the 
variety that was being queried for its pedigree. Our previous report of the use of an algorithm to 
determine hybrid pedigrees (Berry et al. 2002) showed a higher level of correct parental 
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determinations zip = 0.99. Many of these soybean varieties have a high degree of pedigree 
relatedness. However, many of the maize inbred lines that were used in the previously reported 
study (Berry et al. 2002) were also highly related. It is, however, likely to be inherently more 
challenging to correctly identify parents following cycles of inbreeding because half of the 
alleles that are segregating in the first generation following the initial breeding cross will be 
subsequently lost as recurring cycles of self : fertilization occur. Thus, many of the alleles that are * 
present in a hybrid, and which can therefore contribute to the identification of its pedigree; do not 
remain present in an inbred homozygous progeny. 

We examined the pedigrees of soybean index varieties when both parents of the index had been 
removed from the set of candidate varieties. Direct pedigree descendents with the index variety 
as one parent then usually ranked higher than other varieties, including varieties that were 
grandparents or sister varieties of the index variety. When all parents and direct derivatives of the 
index variety were excluded from the analysis then the predominant classes of varieties ranking • 
in the top five positions were derivatives of the grandparent of the index variety (32%), 
grandparents of the index variety (16%), derivatives of the parents of the index variety (16%), 
and half-sibs of the index variety (13%). The SSR data that were available to us did not allow a 
thorough or very precise assessment of how varieties with different degrees of relatedness would 
rank as members of the pedigree in the event that the true parents were not present in the 
database. Nonetheless, when parents were excluded from the analysis then "varieties that were 
very closely related to the index variety ranked highest. Direct descendents dependent for their 
pedigree upon the index variety, if present, tended to rise above varieties included within other 
classes of pedigree relationship to the index variety. When varieties directly descended by 
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pedigree from the index variety were also excluded then a grandparent ranked into first position 
for 33% of the varieties that were examined. Direct pedigree derivatives of one or more of the 
parents of the index variety had an equal level of occurrence when parents and derivatives of the 
mdex vanety were excluded. Further investigations of the identification of grandparents will 
«r reqmre a dataset including all grandparents of each index vanety and will also require a revised 

algorithm to take account of pedigree contributions from four varieties as opposed to pairs of ■ 

varieties which forms the basis of the current inbred algorithm. 

For the maize inbred line pedigrees, use of the algorithm either at p - 0.5 or *p = 0.99 resulted 
in the correct identification of both parents in all cases where the breeding scheme was an initial 
cross of two parental lines followed by subsequent cycles of inbreeding (i.e. for the inbreds 
Mol7, Va99 and W64A). The relatively high level of robustness for results with maize inbreds at 
p = 0.5, in contrast to the results obtained from analyzing soybean data (where- 56% of varieties 
had both parents correctly identified when p - 0.5 was used) could be accounted for by the - 
smaller sample size of maize inbreds and by the lower degree of mean pedigree relatedness • " 
amongst this selection of inbred lines in comparison to the soybean varieties. Thus white several 
inbred lines in this set are closely related, there remain many inbreds that have little or no 
pedigree relationship (Senior et al. 1998). 

The inbred algorithm correctly identified both parents of the three maize index inbreds that had 
been bred from bi-parental crosses that involved equal contributions (by pedigree) from both 
parents. For the three bi-parental crosses that involved subsequent additional crosses of the 
recurrent parent (and thus significantly biased contributions by pedigree to the index variety 
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from the recurrent parent) then use of the algorithm correctly identified each of the recurrent 
parents. The algorithm was unable to identify the non-recurrent parent in most cases, but this 
result would be expected because one backcross reduces the expected pedigree contribution of 
the non-recurrent inbred to 25%. More generations of backcrossing using the recurrent parent 
then further reduce the expected pedigree contribution" of the non-recurrent parent by half at each 
generation (successively to 12.5%, 6.25%, 3.125%) with the pedigree contribution of the - 
recurrent parent rising accordingly. Since several inbred lines of maizcrare related by pedigree 
then it is not surprising that the level of pedigree or SSR similarity of a non-recurrent parent to 
the index progeny can fall below other inbred lines that are related to the index variety. The 
algorithm was not able to preferentially identify parents of the inbred line Pa9 1 , which was bred 
from a complex breeding scheme involving four parents with equal contributions by pedigree. A 
more suitable algorithm is needed to take account of four way crosses. However, such a need is 
primarily academic because most breeding crosses in commercial maize breeding, and indeed for 
most crops, are bi-parental. 



These soybean data had a mean of 5.5% missing data per variety and a mean of M% loci where 
a progeny was scored with an allele that was not also scored in either or both parents. Such 
apparent non-Mendelian or exclusionary profiles can be due to pollen contamination during 
inbreeding, cross contamination in the field or laboratory, scoring errors indie laboratory (e.g. 
scoring +A, predominant stuttering, spectral pull-up, secondary binding sites or polymer spikes), 
orincorrect pedigrees. Another source of apparent exclusion is through the use of a seed source 
as aparent that is still heterogeneous due to inbreeding being incomplete. Cycles of inbreeding 
then continue so that when those seed sources are used in the future as sources for SSR profiling 
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to ^present the parental genotype they will have lost alleles due to inbreeding that have already 
been passed on to a progeny. Alternately, residual heterozygosity within seed sources can result 
in low frequencies of heterozygotes or off-type segregants which may, by chance, be sampled in 
the progeny, but not sampled in the parent. In this study we sampled six plants;to represent the 
variety which may be insufficient to capture alleles existing at low frequencies within" the seed 
source. And even if the allele was sampled, it may not have been detected following'HCR 
amplification due to predominance of the most frequent allele and allelic competition effects. 
Hall (2002) has also reported the occurrence of apparent non-parental SSR alleles. Mutation can 
also affect SSR profiles. Vigouroux et al. (2002) have estimated mutation rates of 7.7 x 10" 4 per 
generation for dinucleotide SSRs and an upper 95% confidence limit of 5.1 x 10" 5 for SSRs with 
longer repeat units. A level of error or discrepancy in expected SSR profiles are thus inevitable 
for some, if not all crop plants. We therefore evaluated the robustness of the algorithm and 
dataset by rerunning the algorithm using datasets that were simulated to have up to 20% - 
additional levels of missing plus 20% mis-typed data beyond the level that was received from the 
laboratory. The algorithm maintained its initial level of robustness with up to an additional level 
of 10% both missing and mis-typed data, provided data from at least 100 SSR loci were used. 
Fewer loci (60) were capable of retaining this degree of robustness in the evaluation-of the 
hybrid pedigree algorithm using maize hybrids (Berry et al. 2002). The loss of parental alleles 
that occurs during the inbreeding process, in contrast to their retention in a hybrid progeny 
compared to its parents, probably underlies the % need to use data from a greater number of loci to 
maintain robustness for the inbred algorithm as compared to the hybrid algorithmr - 
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It was animated that determination ofpedigrees following cycles of inbreeding might be more 
challenging to accomplish than to determine pedigrees of hybnds where the total nuclear genetic 
contributions of both parents are preserved. Nonetheless, these results show that the algorithm 
can be used effectively to identifying parents of inbred genotypes. Nearly 90% of soybean 
parents were identified. This is a set of genotypes which, due to the relatively narrow*6under > 
base and subsequent cycles of development through the use of related crosses'-provides an 
extremely rigorous test of the algorithm and of the discriminatory power of the nurtUr-data. 
Supplementary data also show the capability of the algorithm to identify parents of maize inbreds 
that have been developed in a pedigree system using two parents. Use of this algorithm with 
currently available codominantly expressed molecular marker data has also been shown to have 
practical feasibility because of the high degree of robustness that to evident' and which extends 
well beyond the realm of aberrant or unexpected marker data that is encountered. These typesof 
error or unexpected marker data can include laboratory error, sampling effects or the use of 
different seed sources for the actual parental source compared to a more mbred-source that - 
becomes available later to represent the parental genotype. This algorithm has application in a 
number of fields, including conservation biology, population genetics, and to assist in the • 
protection of intellectual property rights. 
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Table 1. Calculations of ancestry for homozygous index inbreds; Cases that must be considered 
for example of genotype aa. 



SSR 


Index 


Inbred i 


Inbred j 


1 


aa 


aa 


Art 

Aa 


2 


aa 


aa 


Ax 


3 


aa 


aa 


Xx 


4 


aa 


ax 


Ax 


5 


aa 


ax 


Xx 


6 


aa 


XX 


Xx 



x is any allele different from a, but not missing 
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Table 2. Probability of observing the index [P(SSR\iJ)] assuming iubreds i and j are ancestors: 
Calculations for SSRs 1 to 6. 



SSR 


P(SSR\i,j) 


i ; 


p?(4/4) + p(I-p)(l/2+l/n*l/2) + p(l-p)(l/2+l/n*l/2) + (1-pf(l/n) 


2 


p-(3/4) + p(l-p)(l/2+l/n*l/2) + p(l-p)(l/2*l/2+l/n*l/2) + (1- 
pf(lln) 


3 


p 2 (2/4) + p(l-p)(l/2+l/n*l/2) + p(l-p)(l/n*l/2) + (l-pf(l/n) 


4 


p i (2/4) + p(l-p)(l/2*l/2+l/n*!/2) + p(l-p)(l/2*l/2 + J/n*]/2) + (J- 
p) 2 (l/n) 


— 


p'(l/4) + p(I-p)(l/2*l/2+J/n*l/2) + p(l-p)(l/n*l/2) + (J-p/(!/n) 


6 


p J (0/4) + p(l-p)(l/n*l/2) + p(l-p)(I/n*l/2) + (l-pf(l/n) 



The four terms in each case are in order of the four possibilities when inbreds i and j are 
ancestors: (1) the alleles of both / and j were passed to the intermediate hybrid, (2) i came 
through but not 7, (3) j came through but not i y and (4) neither came through: Missing alleles are 
not considered. 
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Table 3. Probabilities of ancestry and pedigree relationships for soybean varieties where both 



parents did not rank above non-parents. 



Case no. Index variety 


Rank 


Possible ancestor 


Probability 


1 95B97 


1 


Parent 2 


1 




2 


Full sib of parent 1 


0.5822 




3 


Parent 1 


0.4124 


2 A2943 


1 


Parent 1 


0.9977 




2 


Multiple backcross of parent 2 


0.7999 




3 


Parent 2 


0.1999 


3 A4595 


1 


Parent 1 


1 




2 


Derivative of parent 2 


0.9956 




3 


Multiple backcross of parent 2 


0.0034 




4 


Derivative of Parent 2 


00006 




5 


Half sib of A4595 


0.0004 




6 


Parent 2 


0.0001 


4 Hark 


1 


Parent 1 


1 




2 


Derivative of Daren t 2 


1 




3 


Derivative of parent 2 


2.1E-09 




4 


Derivative of parent 2 


1 .4E-09 




5 


Derivative of Hark 


3.1E-10 




6 


Derivative of parent 2 


1.1E-13 




7 


unknown 


3.8E-15 




8 


Derivative nf narent 2 


4.6E-17 




9 


Derivative of parent 2 


4.7E-21 




10 


Parent 2 


2.7E-21 


5 Kent 


1 


Parent 2 


1 




2 


Derivative of parent 1 


0.9990 




3 


Derivative of parent 1 


0.0011 




4 


Parent 1 


3.0E-04 


6 P9583 


1 


Parent 1 


1 




2 


Full sib of P9583 


0.8801 




3 


Parent 2 


0.1199 


7 P9641 


1 


Parent 2 


1 




2 


Derivative of P9641 


1 




3 


Parent I 


3.7E-06 


8 S30J2 


1 


Parent 1 


1 




2 


Derivative of parent 2 


0.9321 
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3 


Parent 2 


0.0679 


9 


YB30K01 


1 


Parent 2 


1 






2 


Half sib of parent 1 


1 






3 


Full sib of parent 2 


7.9E-09 






4 


Half sib of parent 2 


3.3E-09 






5 


Full sib of grandparent 


1.2E-10 






6 


Derivative of parent 1 


3.0E-11 






7 


Full sib of parent 2 


2.0E-11 






8 


Full sib of grandparent 


8.7E-12 






9 


Parent 1 


1.1E-12 


10 


YB41Q01 


1 


Parent 2 


1 






2 


Full sib of parent 1 


1 






3 


Full sib of grandparent 


7.3E-05 






4 


Full sib of grandparent 


4.1E-09 






5 


Parent 1 


9.1E-10 



Results for 33 (77%) varieties where both parents were ranked first and' second are not included 
in this table (see Figures 1 and 2). 
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Table 4. Probability of ancestry for five individual soybean varieties using SSR data obtained 
from different numbers of loci (50, 100, 150, 236). 





L50 




L100 




L150 




L236 




I rib rso* 




Prob 


Possible ancestor 


Prob 


Possible ancestor 


Prob 


Possible ancestor 


Prob 


r \j. J 

mn 


XB3IC 


0.9461 


XB3IC 


1 


XB3JC 


1 


XB3IC 


1 




A 34 1 5 


0.8006 A3415 


0.9362 


A34I5 


0.9146 


A3415 


0.9954 




XB38A0I 


0.0256 


WILLIAMS 


0.0429 


WILLIAMS 


0.0S09 


WILLIAMS 


0.0046 




P9271 


0.0251 


A3242 


0.0155 


YB30L0I 


0.0034 


A 3242 


0 




YB30L0! 


0.0232 


YB30L0I 


0.0015 


A 3242 


0.0006 


DOUGLAS 


0 


A7986 


COOK 


0.7748 


BRAXTON 


0.9725 


BRAXTON 


f 


BRAXTON 


1 




XB63D00 


0.2841 


YOUNG 


0.5302 


YOUNG 


0.8910 


YOUNG 


0.9929 




S6262 


0.1826 


COOK 


0.3872 


P964I 


0.0404 


XB63D00 


0.0071 




YOUNG 


0.1755 


XB63D00 


0.0496 


XB63D0O 


0.0254 


96B32 


0 




BRAXTON 


0,1065 


P964I 


0-0328 


COOK 


0.0245 . 


P964! 


0 


P9443 


DOUGLAS 


0.80S6 A34I5 


0.5557 


FA YETTE 


0.8760 


FAYETTE 


0.9885 




A34I5 


0.7629 


FAYETTE 


0.4957 


A3415 


0.7034 


DOUGLAS 


0.8847 




WILLIAMS 


0.0S87 DOUGLAS 


0.4855 


CX399 


0.1671- 


A3415 


0.0846 ■ 




YALE 


0.0501 


CX260C 


0.2032 


CX260C 


0.1273 


WILLIAMS 


0.0348 




P9394 


0.0411 


WILLIAMS 


0.1608 


WILLIAMS 


0.0948 


CX399 


0.0062 


S38TS 


S3535 


0,8711 


S3535 


0.9993 


S3535 


"1 


S3535 


1 




S4644 


0.4543 


S4644 


0.9988 


S4644 


1 ^ 


S4644 


1 




YB44R01 


0.2762 


YB40M01 


U.UU1Z 


vd 3 TV fid 


pi 
U 




o 

V 




YB40MQI 


0.1087 


YB44R0J 


0.0004 


93365 


0 


YB44R0I 


0 




YB44QQI 


0.0325 


YB37Y00 


0.0001 


A 4268 


0 


YB37YOQ 


0 


YOUNG 


DAVIS 


0.65S9 


DAVIS 


0.6551 


DAVIS 


0.6324 


DAVIS 


0.9752 




XB63D00 


0.4942 


ESSEX 


0 5979 


P964I 


0.5524 


P9641 


0.5397 




96B32 


0.3122 


P964I 


0.3409 


COOK 


0.3231 


ESSEX 


0.3273 
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®070 



COOK 
OGDEN 

p=0.99 

93BII XB3/C 
A34I5 
A 3342 
P9443 
WILLIAMS 

A7986 BRAXTON 
YOUNG 
P964I 
96B32 
DAVIS 

P9443 DOUGLAS 
FAYETTE 
CX260C 
A34I5 
3394 i 

S38T3 S3535 
S4644 
YB40M01 
YB44R01 
93867 

YOUNG DAVIS 
ESSEX 
P964I 



0.0707 COOK 
0.0606 96B32 

1 XB3JC 

0.9999 A 34 1 5 

0.0001 A3 242 

0 P9443 

0 WILLIAMS 

1 BRAXTON 
Q.9903 YOUNG 
0.0092 P964I 
0.0005 96B32 

0 DA VIS 
0.9998 DOUGLAS 
0.7010 FAYETTE 
0.2345 CX260C 
0.0644 /434V 5 
0.0001 AP3330 



0.1692 

0.1315 96B32 



0.2$ 17 %5J2 
0.1933 COCVC 



1 
1 

0 
0 
0 
1 
1 

0 



S3535 
S4644 
YB40M01 ' 
A5979 
YB44R0I 
DA VIS 
ESSEX 
P964I 



1 

0.9999 

0.0001 

0 

0 

1 

0.9903 
0.0092 
0.0005 
0 

0.9999 

0.7011 

0.2345 

00643 

0.0001 

1 

1 

0 

0 

0 

1 
1 

0 



XB3JC 

A34I5 

P9443 

A3242 

WILLIAMS 

BRAXTON 

YOUNG 

96B32 

P964I 

DAVIS 

FAYETTE 

DOUGLAS 

CX399 

A34J5 

P9394 

S3535 

S4644 

93B67 

ST3780 

YB37Y00 

DAVIS 

ESSEX 

COOK 



1 
1 
0 
0 
0 

1 

0.99S7 
0.0012 
0.O002 
0 

0.9995 

0.9993 

0.0006 

0.0005 

0.0001 

1 

1 

0 

0 

0 

I 

1 

0 



XB31C 
A3415 
WILLIAMS 
A3242 
* FAYETTE 
BRAXTON 
YOUNG 
XB63DQQ 
96B32 
P964I 
DOUGLAS 
FA YETTE 
CX260C 
CX399 
A3415- 
S3535 
S4644 
A 4 268 
YB54JO0 
YB44R0I 
DAVIS 
ESSEX 
S4240 



0.1299 

0.0235 

1 

1 

0 
0 
0 

I 
1 

q 

0 , 
o 

1 ' 
l 

0 - 

0 

0 

1 
] 

0 

,0 
0 - 

1 
1 

0 
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